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SUBJECT 

A 
Abell 35 (Sh 2-313), image of, 9:56 
Abell 3381 (galaxy cluster), image of, 5:26 
Abell 3667 (galaxy cluster), image of, 12:7 
Abell catalogs, overview of, 8:50 
absolute zero, 2:42 
AC G185.0-11.5 (dark galaxy), 8:9 
Achird (Eta Cassiopeiae) (double star), observing, 1:40, 42 
Acrab (Beta Scorpii) (double star) 

image of, 7:26 
observing color of, 7:26–27 

active galactic nuclei (AGNs), early galaxies with fast star formation (little red dots [LRDs]), 5:8–9. See also black holes; 
quasars; Seyfert galaxies 

adaptive optics, 1:50–51 
ADC (Marley Foundation Astronomy Discovery Center), 3:38–43 
African Space Agency (AfSA), inauguration of, 8:9 
Afternoon Constellation (A-Train satellites), 4:44–45 
AGNs (active galactic nuclei), early galaxies with fast star formation (little red dots [LRDs]), 5:8–9. See also black holes; 

quasars; Seyfert galaxies 
AI (artificial intelligence), Chinese satellite constellation for, 9:9 
AINTNO (Association of Invisible Nebulae and Things Nobody Observes) catalog, 2:27 
Albireo (Beta Cygni) (double star) 

image of, 7:27 
observing color of, 7:27 

Alcor (80 Ursae Majoris) (star) 
image of, 7:27 
observing color of, 7:27 

Algieba (Gamma Leonis) (binary star system), exoplanet orbiting, 5:12 
ALMA (Atacama Large Millimeter/submillimeter Array) 

bar structure in early galaxy, 9:7 
comet belts discovered around 74 stars, 6:7 

Almach (Gamma Andromedae) (double star) 
image of, 7:23 
observing, 7:23 

Alpha Andromedae (Alpheratz) (star), 7:21 
Alpha Boötis. See Arcturus 
Alpha Canis Majoris (Sirius A) (star), 2:42, 46 
Alpha Canum Venaticorum. See Cor Caroli 
Alpha Centauri A (star) 

distance from Earth, 2:43 
possible planet orbiting, 12:8–9 

Alpha Centauri B (star), distance from Earth, 2:43 
Alpha Centauri C (star), distance from Earth, 2:43 
Alpha Lyrae. See Vega 
Alpha Orionis. See Betelgeuse 
Alpha Persei Cluster (Collinder 39; Melotte 20; Perseus Moving Group) (open cluster), observing, 3:45 
Alpha Scorpii. See Antares 
Alpha Ursae Minoris. See Polaris 
Alpheratz (Alpha Andromedae) (star), 7:21 
Ammonite (2023 KQ14) (sednoid), 11:9 
Andromeda (constellation) 

mythology surrounding, 7:20–21 
observations within, 7:19–23 

Andromeda Galaxy (M31) 
Cepheid variable stars and Hubble’s understanding of, 7:53 
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future collision with Milky Way, 1:9, 2:53, 9:9 
historical overview of discoveries regarding, 10:18–23 
image of, 7:21 
observing, 7:22 

Angel Nebula (NGC 2170), image of, 5:54 
Anglo-Australian Telescope, 7:13 
Antares (Alpha Scorpii) (star) 

image of, 7:26 
observing color of, 7:26 

Aqua, Aura, and Terra satellites (Earth Observing System), 4:44–45 
ARCA (Astroparticle Research with Cosmic in the Abyss), most energetic neutrino discovered, 6:12 
Arcturus (Alpha Boötis) (star) 

image of, 7:25 
observing color of, 7:25–26 

Arecibo Observatory, report on collapse of, 3:11 
Ariadne’s Hair (Collinder 256; Coma Star Cluster; Melotte 111; Thisbe’s Veil), observing, 3:46 
Arp 25. See NGC 2276 
Arp 114. See NGC 2276/2300 
arsenic, criticized claim of arsenic-based microbe, 11:9 
Arsia Mons Elongated Cloud (feature on Mars), 1:7 
Artemis 1 mission 

overview of, 1:14–15 
vehicles of, 1:17, 20 

Artemis 2 mission 
launch date, 2:21 
non-American crew member, 3:26 
overview of, 1:16 

Artemis 3 mission, 1:18–19, 3:23 
Artemis 4 mission, 1:21 
Artemis 5 mission, 1:21 
Artemis Accords, 3:24, 10:14 
Artemis program 

See also names of specific missions and vehicles 
AxEMU spacesuits, 1:15 
overview of, 1:12–21 
vehicles of, 1:14 

artificial intelligence (AI), Chinese satellite constellation for, 9:9 
Association of Invisible Nebulae and Things Nobody Observes (AINTNO) catalog, 2:27 
asterisms. See names of specific asterisms 
asteroid belt, discovery of, 9:11 
Asteroid Terrestrial-impact Last Alert System. See ATLAS 
asteroids 

See also names of specific asteroids 
carbonaceous, 8:9 
centaurs, 1:24 
collision with Ganymede, 1:9 
effect of impacts on lunar magnetic field, 10:10 
evidence for existence of Planet Nine, 1:24 
main belt not evidence of lost planet, 4:54 
majority of meteorites originating from three, 2:9 
near-Earth (NEAs), brief probability of strike over 3%, 6:9 
near-Earth (NEAs), groups of, 12:18 
near-Earth (NEAs), potentially hazardous, 12:20 
near-Earth (NEAs), Torino Impact Hazard Scale, 12:19 
near-Earth (NEAs), tracking, 12:16–23 
observing, 12:36–39 
satellite asteroids orbiting, 9:17 
using nuclear weapons to deflect, 1:10–11 
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astroimaging 
Adobe Photoshop, 8:44–45 
comets, 11:40–46 
DSLR astrophotography, 2:48 
during Full Moon, 8:42–47 
Graxpert, 8:46–47 
Moon (Earth’s), 11:48 
narrowband filters, 7:50, 8:47 
PixInsight, 8:45–46 
processing images taken during Full Moon, 8:44–47 
remote imaging, 9:24–27 
simple long-term projects, 9:38–43 
star clusters, 7:47 
telescope for smartphones, 4:48–49 
wideband filters, 7:50 

astronauts 
See also names of specific astronauts 
AxEMU spacesuits, 1:15 
CPR devices, 12:10 
first commercial spacewalk, 1:7 
first to fly over Earth’s poles, 8:7 
immune issues and skin rashes, 6:9 
posthumous profile of Jim Lovell, 12:24–27 
record-breaking spacewalk, 4:7 
stranding of, due to malfunction of Starliner, 2:17, 7:9 

astronomy 
answers to 40 questions about, 2:40–46 
beginner’s guides, 9:44–47 
log books and note-taking, 10:52 
observations from southern hemisphere, 6:46 
profiles of 10 women who changed astronomy, 5:40–46 
research from suborbital spacecraft, 11:14–21 
star parties, 4:52 
top 10 stories of 2024, 2:12–21 

Astronomy magazine 
Star Products, 10:38–45 
2026 Guide to the Night Sky, 12:supp 

Astroparticle Research with Cosmic in the Abyss (ARCA), most energetic neutrino discovered, 6:12 
Atacama Large Millimeter/submillimeter Array. See ALMA 
ATLAS (Asteroid Terrestrial-impact Last Alert System) 

detection of third interstellar visitor, 11:8–9 
discovery and naming of Comet Tsuchinshan-ATLAS, 5:24 

atmospheres 
of Earth, effect of rising CO2 levels on orbiting satellites, 12:9 
of exoplanets, biosignature claim, 2:13, 9:10 
of exoplanets, searching for, 8:17–21 
of Mars, clouds in, 1:7 
of Moon, 2:15 

A-Train satellites (Afternoon Constellation), 4:44–45 
aurorae 

Carrington Event, 6:43, 45 
caused by G5-level storm (May 2024), 2:18–19, 6:43, 45 
Corona Borealis, 6:43–44 
fisheye image of, 1:55 
images of, 6:40–45 
images of over lakes, 1:56–57, 11:56–57 
on Jupiter, 9:7 
on Neptune, 7:7 
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overview of, 8:38–39 
social media and, 6:41, 43 

Axiom Extravehicular Mobility Unit (AxEMU) spacesuits, 1:15 

B 
Baby Eagle Nebula (LBN 777), image of, 7:56–57 
Baby Scorpion Cluster (NGC 6231), observing, 3:46 
Barnard 37 (dark nebula), image of, 6:56 
Barnard’s E (dark nebulae) 

binocular observations of, 2:25 
image of, 2:25 

Barnard’s Star (red dwarf) 
discovery of planets Barnard c, d, and e, 7:10 
small, hot exoplanet, 2:9 

barred spiral galaxies. See names of specific barred spiral galaxies 
baryons, gas filament connecting galaxy clusters as possible source of, 10:9 
Bear Claw Nebula (HDW 2; Sh 2-200), image of, 10:57 
Beehive Cluster (Praesepe; M44; NGC 2632), observing, 3:47 
Bennu (asteroid) 

amino acids and nucleobases in samples from, 5:11 
evidence of water on parent body of, 5:11 

Beresheet 1 mission, 3:27 
Beresheet 2 mission, 3:27 
Beta Cygni. See Albireo 
Beta Geminorum (Pollux) (star), exoplanet orbiting, 5:12 
Beta Scorpii. See Acrab 
Beta Ursae Minoris (Kochab) (star), exoplanet orbiting, 5:12 
Betelgeuse (Alpha Orionis) (star) 

brightness changes, 2:8–9 
companion star, 2:8–9, 11:7 

binary star systems (double stars) 
See also names of specific binary systems 
binary protostars in Lynds 483, 7:7 
discovered near Milky Way’s central black hole, 4:9 
pulsar and helium core, 10:10 
radio bursts from, 7:10 

binocular astronomy 
Oberwerk BT-127XL-SD Binocular Telescope, 2:38–39 
observations along the galactic plane, 2:25 

black holes 
See also names of specific black holes 
at center of dwarf galaxies, 9:50–51 
defined, 2:45 
direct-collapse black holes (DCBHs), 11:11 
evaporation of, 5:51 
formation of at galactic centers, 3:9 
jets emanating from, 6:9, 12:48–49 
mergers of, gravitational waves from, 11:7 
mergers of, spin of Sgr A* and, 1:9 
primordial, 4:9, 5:51 
stellar-mass, heaviest known in Milky Way, 2:14–15 
supermassive, defined, 2:45 
supermassive, direct-collapse, 11:11 
supermassive, extreme nuclear transients caused by, 10:9 
supermassive, hypervelocity stars and, 7:8–9 
supermassive, jets emanating from, 1:8–9 
supermassive, novae clustered around plasma jet from, 2:10 
supermassive, possibility of in LMC, 7:8–9 
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supermassive, super-Eddington accretion rate, 3:9 
Blue Ghost 1 mission 

overview of, 3:22–23 
scientific experiments, 6:8–9 
successful landing of, 6:8–9 
target of, 3:25 

Blue Ghost 2 mission, 3:25 
Blue Moon lander, overview of Artemis program, 1:17, 21 
Blue Origin. See names of specific spacecraft and mission 
Blue Snowball (NGC 7662) (planetary nebula) 

image of, 7:20 
observing, 7:21 

Boeing. See names of specific spacecraft 
Bow Tie Nebula (NGC 40) 

image of, 11:26 
observing, 11:27 

brown dwarfs 
See also names of specific brown dwarfs 
binary system of, 2:7 
extragalactic, 3:9 
first confirmed, 2:7 

Bubble Nebula (NGC 7635) 
image of, 1:43 
observing, 1:39–40 

Bullseye (LEDA 1313424) (galaxy), 6:58 
Burnell, Jocelyn Bell, profile and image of, 5:46 

C 
Caldwell 23. See Silver Sliver Galaxy 
Caldwell 49 (Rosette Nebula; NGC 2237-9), close-up image of, 2:7 
California Nebula (NGC 1499), image of, 4:7 
Callisto (moon of Jupiter) 

cross-sectional view of, 9:15 
planned Chinese mission to, 7:9 

Camelopardalis (constellation), observations within, 11:27 
Canis Major Dwarf Galaxy, 2:43 
Cannon, Annie Jump, profile and image of, 5:42 
Captain Hook Cluster (NGC 6633), image of, 7:45 
carbon 

carbon dioxide concentrations revealed in Earth’s ice cores, 4:39 
carbon dioxide glaciers and river features on Mars, 3:8–9 
CNO cycle, 4:55 
effect of rising CO2 levels on orbiting satellites, 12:9 
effect of Sun on carbonaceous asteroids, 8:9 
triple-alpha process, 10:49 

carbon-nitrogen-oxygen (CNO) cycle, 4:55 
Carina Nebula (NGC 3372), image of, 6:54–55 
Caroline’s Rose. See Crab Cluster 
Caroline’s Spiral Cluster. See Crab Cluster 
Cassiopeia (constellation) 

image of, 1:39 
observations within, 1:38–43 

Cassiopeia A (supernova remnant) 
age and sighting of, 6:51 
study of interstellar medium, 7:36–37 

Cat’s Paw Nebula (Gum 64; NGC 6334) 
image of, 2:26 
imaging, 2:27 
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infrared image of, 11:7 
Cave Nebula (Sh 2-155), image of, 8:57 
Cederblad 110 (reflection nebula), image of, 10:58 
centaurs, evidence for existence of Planet Nine, 1:24. See also names of specific centaurs 
Cepheid variable stars 

discovery of, 7:52–53 
Hubble’s understanding of Andromeda Galaxy and, 7:53 

Cepheus (constellation), observations within, 11:26–27 
Ceres (dwarf planet), short-lived organics and possible life-supporting ocean in past, 1:11 
Chamaeleon I (molecular cloud), image of, 10:58 
Chandelier Cluster (NGC 6723), image of, 10:56 
Chandra X-ray Observatory 

budget shortfalls and draw-down of mission, 2:20 
reevaluation of future for, 3:9 

Chandrayaan-1 mission, 3:27 
Chandrayaan-3 mission, 2:18, 3:23, 26 
Chandrayaan-4 mission, 3:27 
Chang’e-3 mission, 3:23, 26 
Chang’e-4 mission, 3:24–25, 26 
Chang’e-5 mission, relatively recent lunar volcanic activity, 1:10, 3:26 
Chang’e-6 mission, 2:19, 3:9, 26 
Chang’e-7 mission, development of waving flag for airless environment, 5:9 
Charon (moon of Pluto), acquired by Pluto after grazing collision, 5:9 
chemistry 

See also names of specific elements 
alpha process/ladder, 10:50 
cosmic ray spallation, 10:49 
number of chemical elements in Sun, 2:45 
origin of elements, 10:46–50 
slow (s) and rapid (r) processes, 10:49 
triple-alpha process, 10:49 

Christmas Tree Galaxy Cluster (NGC 2264), image of, 12:52 
Circinus West molecular cloud, image of, 12:58 
Clavius Crater (feature on Moon), 6:54–55 
climate change and global warming, 4:12–27 

air temperature, summer 2024, 4:14 
Antarctica and, 4:36–43 
carbon dioxide concentrations revealed in ice cores, 4:39 
global sea-level rise, 4:18–19 
harm caused by, 4:16–17 
head-heart analogy, 4:15–17 
head-to-heart connection, 4:17 
historical view of, 4:14–15 
ice loss, 4:40 
intertwined with human life, 4:13, 16–17 
interview with Tony Fadell, 4:20–27 
methane emissions, 4:23–26 
missing parts of the equation, 4:15–16 
ozone hole, 4:41 
problem of will versus of technology, 4:22–23 
social tipping points, 4:19 
space exploration and, 4:24–26 
taking meaningful action, 4:17–19 
talking about, 4:17 
team-building and common purpose, 4:26–27 
temperature surpasses Paris Agreement limit, 5:9 
understanding the problem, 4:15–16 

CLPS. See Commercial Lunar Payload Services initiative 
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CMEs (coronal mass ejections), aurorae caused by G5-level storm, 2:18–19 
CNO (carbon-nitrogen-oxygen) cycle, 4:55 
Coathanger (asterism), observing, 3:47 
COB (cosmic optical background), quantifying, 2:36–37 
Collinder 39 (Alpha Persei Cluster; Melotte 20; Perseus Moving Group) (open cluster), observing, 3:45 
Collinder 65 (open cluster), observing, 3:47 
Collinder 121 (open cluster), observing, 3:46 
Collinder 132 (open cluster), observing, 3:47 
Collinder 135 (Pi Puppis Cluster), observing, 3:46 
Collinder 140 (open cluster), observing, 3:47 
Collinder 173 (open cluster), observing, 3:45 
Collinder 256 (Ariadne’s Hair; Coma Star Cluster; Melotte 111; Thisbe’s Veil), observing, 3:46 
Coma Star Cluster (Ariadne’s Hair; Collinder 256; Melotte 111; Thisbe’s Veil), observing, 3:46 
Comet 1P/Halley, reason behind fame of, 2:42 
Comet 12P/Pons-Brooks (Devil Comet), image of, 11:46 
Comet 13P/Olbers, image of, 11:42 
Comet 29P/SchwassmanWachmann 1, image of, 11:42 
Comet C/1847 T1 (Miss Mitchell’s Comet), 5:42 
Comet C/1995 O1 (Hale-Bopp), remembering on 30th anniversary of passage, 10:24–27 
Comet C/2017 T2 (PanSTARRS), image of, 11:45 
Comet C/2021 A1 (Leonard), image of, 11:42 
Comet C/2022 E3 (ZTF), image of, 11:40–41 
Comet C/2023 A3 (Tsuchinshan-ATLAS) 

images of, 1:54–58, 5:20–25, 38–39 
naming of, 5:24 
overview of, 5:21 

Comet C/2025 D1 (Gröller), farthest perihelion of known comets, 6:7 
Comet C/2025 F2 (SWAN), image of, 7:56–57 
Comet C/2025 N1 (ATLAS) (3I/ATLAS), discovery of, 11:8–9 
Comet C/2025 R2 (SWAN), image of, 12:56 
Comet D/1993 F2 (Shoemaker-Levy 9) 

breakup of, 8:24–25 
discovery of, 5:45 

comets 
See also names of specific comets 
belts discovered around 74 stars, 6:7 
changes in orbital period, 1:52–53 
changes in rotational period, 1:53 
dark, 4:9 
effect of outgassing on orbit and rotation, 1:52–53 
exocometary belts around nearby stars, 5:10 
farthest perihelion of known comets, 6:7 
glow of, 8:41 
imaging, 11:40–46 

Commercial Lunar Payload Services (CLPS) initiative 
launch plans, 2:21 
overview of, 3:23–25 

constellations, largest, 2:44. See also names of specific constellations 
contact binaries. See names of specific contact binaries 
Cor Caroli (Alpha Canum Venaticorum) (star) 

image of, 7:25 
observing color of, 7:26 

Corona Australis (molecular cloud), image of, 10:56 
coronal mass ejections (CMEs), aurorae caused by G5-level storm, 2:18–19 
cosmic optical background (COB), quantifying, 2:36–37 
cosmic rays, production of elements through spallation, 10:49 
cosmology 

evolving dark energy, 8:8 
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possible rotation of universe, 8:9 
reionization epoch, 8:10 

Cosmos 482 lander, reentry of, 9:9 
Crab Cluster (Caroline’s Spiral Cluster; Caroline’s Rose; Herschel’s Spiral Cluster; NGC 7789) 

image of, 7:46–47 
observing, 1:40–41 

Crab Nebula (M1), observing, 5:48 
craters, oldest known on Earth, 7:9. See also names of specific craters 
Crescent Nebula (NGC 6888), image of, 11:54–55 
Crystal Ball Nebula (NGC 1514), observing, 9:36–37 
CST-100 Starliner. See Starliner spacecraft 
Cubic Kilometer Neutrino Telescope (KM3NeT), most energetic neutrino discovered, 6:12 
Curiosity rover 

discovery of large organic molecules, 8:10 
wheel damage, 2:9 

Cygnus Loop. See Veil Nebula 

D 
Dancing Horse Nebula, image of, 4:57 
Daniel K. Inouye Solar Telescope (DKIST), first-light observation of Visible Tunable Filter (VTF), 8:9 
dark comets, 4:9 
dark energy, evolving nature of, 8:8 
dark galaxies, 8:9 
Dark Horse Nebula, image of, 2:24 
dark matter 

dark galaxies, 8:9 
detection of via supernovae, 3:9 
primordial black holes, 4:9 
Rubin’s discovery of, 5:44 
SAGA Survey, 7:17–18 

dark nebulae 
See also names of specific dark nebulae 
correctly identifying Lynds’ dark nebulae, 7:38–43 
death of cataloger Beverly Lynds, 2:7 

Dark Wolf Nebula, image of, 3:7 
DART (Double Asteroid Redirection Test) mission 

debris from, reaching Earth, 1:9 
deflection from flying ejecta, 1:11 
overview of, 12:22 

Dawn spacecraft, short-lived organics on Ceres, 1:11 
De Mairan’s Nebula (M43), 1:46 
deep learning. See artificial intelligence 
Deep Space Climate Observatory (DSCOVR) satellite, 4:46 
Deimos (moon of Mars), imaged by Hera spacecraft, 7:9 
Devil Comet (Comet 12P/Pons-Brooks), image of, 11:46 
Dimorphos (asteroid moonlet) 

deflection from flying ejecta versus from DART spacecraft, 1:11 
launch of Hera spacecraft, 2:7 

DKIST (Daniel K. Inouye Solar Telescope), first-light observation of Visible Tunable Filter (VTF), 8:9 
DonaldJohanson (52246 DonaldJohanson) (asteroid), shape of, 8:12 
Double Asteroid Redirection Test. See DART mission 
double stars. See binary star systems; names of specific binary systems; names of specific double stars 
Dragon spacecraft, returning astronauts from ISS, 2:17, 7:9 
Dragonfly mission, passes design review, 8:7 
Dragon’s Egg nebula (NGC 6164/65), image of, 2:57 
Draper SERIES-2 lander, 3:25 
Dreschler 29 (nebula) 

image of, 2:26 
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imaging, 2:27 
DSCOVR (Deep Space Climate Observatory) satellite, 4:46 
dwarf galaxies 

See also names of specific dwarf galaxies 
central black holes, 9:50–51 
ultra-faint, 5:7 

dwarf planets. See names of specific dwarf planets 
DwarfLab DWARF 3 smart telescope, 8:48–49 
Dyson spheres, 5:15, 18 

E 
Eagle Nebula (M16), reprocessed photo to celebrate 35th anniversary of Hubble, 8:7 
Earendel (star), possibly a star cluster, 12:9 
Earth 

closest galaxy to, 2:43 
closest star to, 2:43 
diameter and volume of, compared to Moon, 2:41 
direction of travel, 1:51 
earliest reference to roundness of, 2:44 
Earth-sensing satellites, 4:44–47 
gamma-ray bursts and flickers produced by thunderclouds, 3:7 
image of Moon and, from Psyche mission, 12:7 
oldest known impact crater, 7:9 
orbital speed, 2:46 
possible ancient ring around, 8:22–27 
precessional cycle of axis, 8:53 

Earth Observing System (Aqua, Aura, and Terra satellites), 4:44–45 
eclipses 

artificial, by Proba-3 mission, 10:7 
lunar, 3:12, 50, 6:9, 7:56–57 
solar, 1:55, 2:16, 46, 5:36–39, 7:55 

Edasich (Iota Draconis) (star), exoplanet orbiting, 5:12 
EHT (Event Horizon Telescope), polarized light image of Sgr A*, 2:16 
80 Ursae Majoris. See Alcor 
Einstein rings, 6:7 
Elephant’s Trunk Nebula (IC 1396) 

image of, 3:47 
observing, 3:47 

elliptical galaxies. See names of specific elliptical galaxies 
ELT (Extremely Large Telescope), halfway complete, 8:21, 11:12 
Elytra orbiter, 3:22–23 
emission nebulae. See names of specific emission nebulae 
Enceladus (moon of Saturn), cross-sectional view of, 9:15 
Epsilon Lyrae (multiple-star system) 

image of, 7:25 
observing color of, 7:25 

Eris rocket, 11:10–11 
Errai (Gamma Cephei) (star), exoplanet orbiting, 5:12 
ESA (European Space Agency). See names of specific spacecraft and missions 
ESO 364-G035 (spiral galaxy), image of, 5:27 
ESO 364-G036 (spiral galaxy), image of, 5:27 
Eta Carinae (variable star), brightness of, 2:42 
Eta Cassiopeiae (Achird) (double star), observing, 1:40, 42 
ETNOs (extreme trans-Neptunian objects), discovery of, 1:23–24 
Euclid infrared space telescope 

Einstein ring, 6:7 
first part of 3D map released, 5:26–27 

Europa (moon of Jupiter) 
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cross-sectional view of, 9:15 
launch of Europa Clipper mission, 1:9 

Europa Clipper spacecraft, launch of, 1:9 
European Space Agency (ESA). See names of specific spacecraft and missions 
Event Horizon Telescope (EHT), polarized light image of Sgr A*, 2:16 
exoplanets (extrasolar planets) 

See also names of specific exoplanets 
atmospheres of, 2:13 
discovery of, by lensing, 3:18–19 
discovery of, by radial velocity, 3:16–17, 19 
discovery of, by transit, 3:17–19 
discovery of, cumulative by year, 9:15 
discovery of, first directly by JWST, 10:7 
discovery of, future methods for, 3:20 
discovery of, hoped-for discoveries, 3:20 
discovery of, overview of last 30 years of discoveries, 3:14–21 
discovery of, revolutionary nature of, 9:14 
discovery of, spacecraft and observatories involved in, 3:16, 18, 20 
early gas giant carving path in dust disk, 12:7 
flash as planet falls into host star, 8:7 
naked-eye stars hosting, 5:12 
number of, 2:45 
orbiting Barnard’s star, 2:9 
possibly orbiting Alpha Centauri A, 12:8–9 
searching for atmospheres among, 8:17–21 
super-Earths/sub-Neptunes, abundance of, 3:16 
super-Earths/sub-Neptunes, defined, 3:15 
transmission spectroscopy, 8:14–21 
weather mapped on tidally-locked gas giant, 2:20 

extraterrestrial life 
See also SETI 
Dyson spheres, 5:15, 18 
experiments and simulations to evaluate biosignatures, 8:14–21 
Fermi’s Paradox, 5:18–19 
habitability of ice on Mars, 2:9 
Kardashev Scale, 5:17 
laser signals, 5:17 
searching for via infrastructure created by, 5:14–19 
short-lived organics and possible life-supporting ocean in past on Ceres, 1:11 
targeting planets where signals might spill over to Earth, 12:9 
transmission spectroscopy, 8:14–21 

extreme trans-Neptunian objects (ETNOs), discovery of, 1:23–24 
Extremely Large Telescope (ELT), halfway complete, 8:21, 11:12 

F 
Falcon Heavy rocket 

compared to other rockets, 1:20 
overview of Artemis program, 1:21 

fast radio bursts (FRBs) 
See also names of specific fast radio bursts 
discovered in old elliptical galaxy, 5:9 
magnetars as source of, 3:9 

Fermi’s Paradox, 5:18–19 
51 Pegasi b (exoplanet), 3:16 
55 Cancri e (exoplanet), atmosphere of, 2:13 
Firefly Aerospace, successful lunar landing, 6:7. See also names of specific spacecraft and missions 
Firefly Party Cluster (NGC 3532) 

image of, 3:47 
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observing, 3:47 
Firefly Sparkle Galaxy, 4:7 
Fish’s Mouth (part of Orion Nebula), 1:46 
52246 DonaldJohanson (DonaldJohanson) (asteroid), shape of, 8:12 
Flaming Star Nebula (IC 405), images of, 5:57, 7:49 
Fly Nebula (NGC 1931), images of, 7:49, 10:57 
Flying Dragon Nebula (Sh 2-114), image of, 2:56 
Fornax A (NGC 1316) (elliptical galaxy), image of, 7:54–55 
Fox Head Cluster (NGC 6819), image of, 7:45 
Fram2 mission, 8:7 
FRBs. See fast radio bursts; names of specific fast radio bursts 

G 
G1.9+0.3 (supernova remnant), 6:51 
Gaia BH3 (black hole), 2:14–15 
Gaia mission, heaviest known stellar-mass black hole in Milky Way, 2:14–15 
Gaia-Enceladus (Gaia Sausage) (dwarf galaxy), effect on spin of Sgr A* by merger with black hole from, 1:9 
galaxies 

See also names of specific galaxies; names of specific types of galaxies 
closest to Earth, 2:43 
early, bar structure observed in, 9:7 
early, earliest-known Milky Way-sized, 4:7 
early, size of earliest, 3:36–37 
early, with brighter gas than stars, 1:7 
early, with brightness boost from accretion disks, 2:21, 3:37, 5:8–9 
early, with fast star formation (little red dots [LRDs]), 2:21, 3:7, 37, 5:8–9 
SAGA Survey, 7:14–18 
ultra-faint dwarf galaxies, 5:7 

galaxy clusters, gas filament connecting, 10:9. See also names of specific galaxy clusters 
Gamma Andromedae. See Almach 
Gamma Cephei A b (exoplanet), 5:12 
Gamma Cephei (Errai) (star), exoplanet orbiting, 5:12 
Gamma Leonis (Algieba) (binary star system), exoplanet orbiting, 5:12 
Gamma1 Leonis b (exoplanet), 5:12 
Gamma1 Leonis (star), 5:12 
gamma-ray bursts (GRBs), produced by thunderclouds, 3:7. See also names of specific gamma-ray bursts 
Ganymede (moon of Jupiter) 

asteroid impact and reorientation of, 1:9 
cross-sectional view of, 9:15 

Garlic Bulb Nebula (LBN 576), image of, 8:57 
gegenschein, overview of, 8:40 
Gemini North and South Telescopes, Betelgeuse’s companion star, 11:7 
Geminid meteors, image of over observatory, 11:55 
Geostationary Operational Environmental Satellite (GOES) suite, 4:47 
Ghez, Andrea M., profile and image of, 5:46 
Giant Magellan Telescope (GMT) 

funding uncertainties, 8:21 
NSF funding for, 11:12 

Gilmour Space Technologies, first test flight of Eris rocket, 11:10–11 
Gliese 229B (binary brown dwarf system), 2:7 
global warming. See climate change and global warming 
globular clusters, observing, 9:48. See also names of specific globular clusters 
GMT. See Giant Magellan Telescope 
GOES (Geostationary Operational Environmental Satellite) suite, 4:47 
Goode Solar Telescope (GST), 9:7 
gravitational lensing 

discovery of exoplanets via, 3:19 
Einstein rings, 6:7 
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Firefly Sparkle Galaxy, 4:7 
gravity, variation of body weight on different planets, 2:43, 3:53 
GRBs (gamma-ray bursts), produced by thunderclouds, 3:7. See also names of specific gamma-ray bursts 
Greenhouse Gases Observing Satellite (GOSAT; Ibuki) satellite, 4:46 
Griffin Mission 1, 2:21 
Gröller (Comet C/2025 D1), farthest perihelion of known comets, 6:7 
GST (Goode Solar Telescope), 9:7 
Gum 55 (nebula), image of, 3:7 
Gum 64. See Cat’s Paw Nebula 
Guowang satellite constellation, launch of first satellites, 4:9 

H 
Habitable Worlds Observatory (HWO), expectations for, 3:20–21 
Hakuto-R Mission 1, 3:27 
Hakuto-R Mission 2, 3:27 
Hale-Bopp (Comet C/1995 O1), remembering on 30th anniversary of passage, 10:24–27 
HD 65907 (blue straggler star), 4:10 
HD 142269 (star), image of, 5:55 
HD 148937 (binary system), image of, 2:57 
HD 190918 (SAO 69402; WR 133) (Wolf-Rayet star), 11:49 
HDW 2 (Bear Claw Nebula; Sh 2-200), image of, 10:57 
Heart, The (feature on Moon), 2:11 
Heart and Soul nebulae (IC 1805/48), observing, 1:40, 43 
Heart Nebula (IC 1805), image of, 4:56–57 
helium, stellar fusion of, 10:48 
Helix Nebula (NGC 7293), image of, 2:54–55 
Hellespontus Montes (feature on Mars), 1:58 
Helping Hand Nebula (LDN 1355/7/8), image of, 8:57 
Hera spacecraft 

image of Deimos, 7:9 
launch of, 2:7 

Herbig-Haro (HH) objects. See names of specific Herbig-Haro objects 
Herschel, Caroline, profile and image of, 5:41 
Herschel, John, Moon Hoax, 2:45 
Herschel’s Spiral Cluster. See Crab Cluster 
HH (Herbig-Haro) objects. See names of specific Herbig-Haro objects 
HH 49/50 (nebulous protostar outflow), 10:36–37 
high-velocity clouds, 8:9 
Honda Motor Company, reusable rocket test, 10:9 
HOPS-315 (star), 11:7 
Horseshoe Nebula. See Omega Nebula 
Hubble Space Telescope (HST) 

findings on planet formation, 6:26–27 
Nancy Grace Roman and, 5:44 
number of orbits made by, 2:41 
reprocessed photo to celebrate 35th anniversary, 8:7 

Hubble tension, possible rotation of universe, 8:9 
Huygens region (part of Orion Nebula), 1:46 
HWO (Habitable Worlds Observatory), expectations for, 3:20–21 
Hyades (open cluster) 

observing, 3:44 
origin and evolution of, 11:9 

Hydra (constellation), 2:44 
hydrogen 

escaping from Mars, 1:7 
stellar fusion of into helium, 10:48 

Hypatia (Iota Draconis b) (exoplanet), 5:12 
hypervelocity stars 
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originating in LMC, 7:8–9 
surviving supernovae, 12:50–51 

I 
Ibuki (Greenhouse Gases Observing Satellite [GOSAT]) satellite, 4:46 
IC 10 (irregular galaxy) 

image of, 1:40–41 
observing, 1:40, 41 

IC 342 (spiral galaxy), image of, 11:56 
IC 405 (Flaming Star Nebula), images of, 5:57, 7:49 
IC 410 (emission nebula), image of, 5:57 
IC 417 (Spider Nebula; Sh 2-234), images of, 5:57, 7:49, 10:57 
IC 446 (reflection nebula), image of, 6:56 
IC 447 (reflection nebula), image of, 6:56 
IC 512 (spiral galaxy) 

image of, 11:27 
observing, 11:27 

IC 1396. See Elephant’s Trunk Nebula 
IC 1805 (Heart Nebula), image of, 4:56–57 
IC 1805/48 (Heart and Soul nebulae), observing, 1:40, 43 
IC 1947 (spiral galaxy), image of, 2:58 
IC 2177 (Seagull Nebula), image of, 7:49 
IC 2391 (Omicron Velorum Cluster), observing, 3:46 
IC 2602. See Southern Pleiades star cluster 
IC 4628 (Prawn Nebula), image of, 12:54 
IC 4756 (open cluster), binocular observations of, 2:25 
IC 5070 (Pelican Nebula), image of, 8:42–43 
ILT J1101+5521 (binary system), radio bursts from, 7:10 
IM-1 (Intuitive Machines 1) mission, 2:18, 3:24, 27 
IM-2 (Intuitive Machines 2) mission, 3:24, 6:9 
IM-3 (Intuitive Machines 3) mission, 2:21, 3:25 
Infinity Galaxy, direct-collapse black hole, 11:11 
Ingenuity drone, report on crash of, 4:9 
International Space Station (ISS) 

image of transiting Sun, 5:54 
immune issues and sterile environment, 6:9 
stranding of two astronauts due to malfunction of Starliner, 2:17, 7:9 

Intuitive Machines 1 (IM-1) mission, 2:18, 3:24, 27 
Intuitive Machines 2 (IM-2) mission, 3:24, 6:9 
Intuitive Machines 3 (IM-3) mission, 2:21, 3:25 
Iota Draconis b (Hypatia) (exoplanet), 5:12 
Iota Draconis c (exoplanet), 5:12 
Iota Draconis (Edasich) (star), exoplanet orbiting, 5:12 
iron, ferrihydrite as source of red color on Mars, 6:12 
irregular galaxies. See names of specific irregular galaxies 
Isar Aerospace, first test flight, 7:7 
ISS. See International Space Station 

J 
J0742+2704 (quasar), 5:10 
J1601+3102 (galaxy), radio jet emanating from, 6:9 
JADES-GS-z13-1-LA (galaxy), 8:10 
James Webb Space Telescope (JWST) 

aurorae on Jupiter, 9:7 
aurorae on Neptune, 7:7 
bar structure in early galaxy, 9:7 
binary protostars, 7:7 
Cassiopeia A interstellar medium, 7:36–37 
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Cat’s Paw Nebula, 11:7 
direct-collapse black hole, 11:11 
early galaxy with brighter gas than stars, 1:7 
exoplanet atmospheres, 2:13 
experiments and simulations to evaluate biosignatures, 8:14–21 
extragalactic brown dwarfs, 3:9 
first direct exoplanet discovery by, 10:7 
HH 49/50, 10:36–37 
molecular cloud complex in LMC, 5:7 
newly discovered moon orbiting Uranus, 12:7 
overview of discoveries in 2024, 2:20–21 
planet formation, 6:26–27 
possible planet orbiting Alpha Centauri A, 12:8–9 
Sombrero Galaxy, 11:36–37 
star formation in Phoenix Cluster, 8:36–37 
transparency of universe to UV light, 8:10 
Vega and debris disk, 3:10–11 
Westerlund 1, 1:36–37 

Japan Aerospace Exploration Agency (JAXA), Lunar Cruiser rover, 1:14 
Jet Propulsion Laboratory (JPL), threatened by fire, 5:9 
Jewel Box Cluster (NGC 4755), image of, 8:52–53 
Jewel Bug Nebula (NGC 7027), image of, 7:53 
Jupiter 

See also names of moons orbiting; names of specific missions to 
aurorae on, 9:7 
body weight on, 2:43 
visible marks left by impacts, 4:50 

JWST. See James Webb Space Telescope 

K 
K2-18 b (exoplanet) 

atmosphere of, 2:13 
skepticism over biosignature claim, 9:10 

Kardashev Scale, 5:17 
KATRIN (Karlsruhe Tritium Neutrino) experiment, 8:9 
KBOs (Kuiper Belt objects), diagram of, 9:14 
Kepler, Johannes 

overview of, 6:14–17 
Somnium Astronomicum, 6:17–19 

Kepler-90 (planetary system), comparison of planets in, 3:17 
Kepler-1649c (exoplanet), compared to Earth, 3:16 
KM3NeT (Cubic Kilometer Neutrino Telescope), most energetic neutrino discovered, 6:12 
Kochab (Beta Ursae Minoris) (star), exoplanet orbiting, 5:12 
Kochab b (exoplanet), 5:12 
Kohoutek 4–55 (nebula), image of, 9:58 
Kuiper Belt, discovery of, 9:14 
Kuiper Belt objects (KBOs), diagram of, 9:14 

L 
La Superba (Y Canus Venaticorum) (star) 

image of, 7:25 
observing color of, 7:26 

Lagoon Nebula (M8), image of from VRO, 10:7 
Lagrangian points, defined, 3:52–53 
Lambda Herculis (star), 1:51 
Lambda Orionis Cluster, observing, 3:47 
Lambda Ursae Minoris (red giant), observing, 11:25–26 
Lanyue lander, 3:24, 26 
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Large Magellanic Cloud (LMC) 
effect on future collision of Milky Way and Andromeda, 1:9 
glow of, 8:40 
images of, 3:44, 6:46, 7:14–15 
molecular cloud complex, 5:7 
observing, 3:44 
possible supermassive black hole in, 7:8–9 
star formation in, 7:15–17 

LBN 10 (nebula), image of, 5:55 
LBN 576 (Garlic Bulb Nebula), image of, 8:57 
LBN 755 (emission nebula), image of, 5:55 
LBN 777 (Baby Eagle Nebula), image of, 7:56–57 
LDN 134 (dark nebula), image of, 5:55 
LDN 191/204/234 (dark nebulae), image of, 12:52–53 
LDN 935 (dark nebula), 7:38 
LDN 935/6 (dark nebulae), image of, 3:57 
LDN 946 (dark nebula), image of, 7:41 
LDN 947 (dark nebula), image of, 7:41 
LDN 949 (dark nebula), image of, 7:41 
LDN 952 (dark nebula), image of, 7:41 
LDN 1103 (dark nebula), image of, 7:40 
LDN 1104 (dark nebula), image of, 7:40 
LDN 1106 (dark nebula), image of, 7:40 
LDN 1111 (dark nebula), image of, 7:43 
LDN 1112 (dark nebula), image of, 7:43 
LDN 1117 (dark nebula), image of, 7:43 
LDN 1121 (dark nebula), image of, 7:43 
LDN 1124 (dark nebula), image of, 7:43 
LDN 1235 (Shark Nebula), image of, 9:56 
LDN 1291 (dark nebula), image of, 2:55 
LDN 1355/7/8 (Helping Hand Nebula), image of, 8:57 
LDN 1607 (dark nebula), image of, 6:56 
Leavitt, Henrietta Swan, profile and image of, 5:43 
LEDA 95415 (spiral galaxy), image of, 2:58 
LEDA 1313424 (Bullseye) (galaxy), 6:58 
lenticular galaxies. See names of specific lenticular galaxies 
Leo I (dwarf spheroidal galaxy), star formation in, 7:17 
Leonard (Comet C/2021 A1), image of, 11:42 
LID-568 (supermassive black hole), 3:9 
life, origin of 

See also extraterrestrial life 
organic molecule formation from microlightning in water droplet collisions, 7:9 
phosphorus possibly released by ancient meteorite impact, 2:9 

light 
adaptive optics, 1:50–51 
Alzheimer’s disease and exposure to light pollution, 1:9 
dark-sky conditions at observatory threatened by power company, 5:9 
gegenschein, 8:40 
green flash, 6:56 
light pollution, 1:9, 8:38–39 
measuring darkness, 2:24, 36–37 
parhelic circles, 10:57 
percentage of visible, ultraviolet, and infrared light in sunlight, 2:41 
sky glows from various sources, 8:38–41 
transparency of universe to UV light, 8:10 
vision, anatomy of the eye and observation of color, 7:26–27 
vision, common errors in, 9:20–22 
vision, illusion of, 9:18–20 
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zodiacal light, 8:40 
LIGO-Virgo-KAGRA (LVK) collaboration, gravitational waves from largest known black hole merger, 11:7 
Lion Nebula (Sh 2-132), image of, 3:56 
LMC. See Large Magellanic Cloud 
Lobster Claw Nebula (Sh 2-157), image of, 8:57 
LOFAR (LOw Frequency ARay) radio telescope, 1:8–9 
Long March 10 rocket, compared to other rockets, 1:20 
Lost Jewel of Orion (NGC 1980) (open cluster), observing, 3:46 
Lost Pearl Galaxy (Mirach’s Ghost; NGC 404), observing, 7:22–23 
Lovell, Jim, posthumous profile of, 12:24–27 
LOw Frequency ARay (LOFAR) radio telescope, 1:8–9 
Lowell, Percival 

hand-drawn map of Mars, 5:16 
sharing science with nonspecialists, 3:42 

Lowell Observatory, Marley Foundation ADC, 3:38–43 
LTV (Lunar Terrain Vehicle), 1:21 
Lucy spacecraft 

flyby of DonaldJohanson asteroid, 8:12 
mission of, 2:21 

Luna 24 mission, 3:23 
Luna 25 mission, 3:27 
lunar eclipses 

2022 (November), 3:12 
2024 (September), 3:12 
2025 (March), 3:50, 6:9, 7:56–57 
color effects, 3:12 
planning for observations, 3:50 
shadow irregularities, 3:12 
viewed from Moon, 6:9 

Lunar Gateway space station, 1:21 
Lunar Pathfinder mission, 2:21 
Lunar Terrain Vehicle (LTV), 1:21 
Lunar X, The (feature on Moon), image of, 11:48 
LUPEX (Lunar Polar Exploration), 3:27 
LVK (LIGO-Virgo-KAGRA) collaboration, gravitational waves from largest known black hole merger, 11:7 
Lynds, Beverly Turner 

biography of, 7:40–41 
correctly identifying dark nebulae discovered by, 7:40–43 
death of, 2:7 
images of, 7:39, 43 
Walt Whitman poem, 7:43 

Lynds 483 (nebula) 
binary protostars in, 7:7 
image of, 7:7 

M 
M1 (Crab Nebula), observing, 5:48 
M4 (globular cluster), image of, 9:54 
M7. See Ptolemy Cluster 
M8 (Lagoon Nebula), image of from VRO, 10:7 
M11 (Wild Duck Cluster), images of, 2:24, 8:45 
M15 (globular cluster), image of, 8:45 
M16 (Eagle Nebula), reprocessed photo to celebrate 35th anniversary of Hubble, 8:7 
M17. See Omega Nebula 
M20 (Trifid Nebula), image of from VRO, 10:7 
M26 (open cluster) 

image of, 2:25 
observing, 2:25–26 
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M31. See Andromeda Galaxy 
M32 (dwarf elliptical galaxy) 

image of, 7:20 
observing, 7:22 

M39 (open cluster), image of, 8:45 
M42. See Orion Nebula 
M43 (De Mairan’s Nebula), 1:46 
M44 (Beehive Cluster; Praesepe; NGC 2632), observing, 3:47 
M45. See Pleiades star cluster 
M52 (open cluster) 

image of, 1:43 
observing, 1:40 

M77 (spiral galaxy), image of, 8:58 
M83 (Southern Pinwheel Galaxy), image of, 4:58 
M87 (galaxy), novae clustered around plasma jet from supermassive black hole, 2:10 
M101 (Pinwheel Galaxy), 5:50 
M102 (Spindle Galaxy; NGC 5866), 5:50 
M103 (open cluster) 

image of, 1:42–43 
observing, 1:40, 42 

M104. See Sombrero Galaxy 
machine learning (ML). See artificial intelligence 
magnetars, formation of, 3:9 
magnetic fields 

of Moon, effect of impacts on, 10:10 
of Uranus, 3:7 

magnitude system 
apparent versus absolute magnitude, 11:50 
baseline for, 11:50 
negative numbers, 11:50 

Mare Crisium (feature on Moon), 8:56–57 
Markarian’s Chain (galaxy group), image of, 9:55 
Marley Foundation Astronomy Discovery Center (ADC), 3:38–43 
Mars 

See also names of moons orbiting; names of specific missions to 
Arsia Mons Elongated Cloud, 1:7 
body weight on, 2:43 
Cloud Atlas, 1:7 
exploring with drones, 12:12–14 
Hellespontus Montes, 1:58 
image of occultation by Moon, 4:56–57 
large organic molecules discovered on, 8:10 
loss of water, 1:7 
Lowell’s hand-drawn map of, 5:16 
observing at opposition, 1:48 
planned Chinese sample return mission, 7:9 
sand dunes on, 1:58 
source of red color, 6:12 
water on, carbon dioxide glaciers and, 3:8–9 
water on, ice, 2:9, 44 
water on, loss of, 1:7 
water on, source of red color and, 6:12 

Mars 2020 (Perseverance rover), need for fresh ideas for sample return mission, 2:14–15 
Mars Sample Return (MSR) mission, need for fresh ideas regarding, 2:14–15 
McMath-Pierce Solar Telescope, image of with star trails, 6:54–55 
Melotte 20 (Alpha Persei Cluster; Collinder 39; Perseus Moving Group) (open cluster), observing, 3:45 
Melotte 111 (Ariadne’s Hair; Coma Star Cluster; Collinder 256; Thisbe’s Veil), observing, 3:46 
Melotte 186 (open cluster), observing, 3:47 
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Mengzhou spacecraft, 3:24, 26 
Messier catalog 

See also names of specific Messier objects 
missing objects, 5:50 
overview of, 8:50 

meteor showers 
See also names of specific meteor showers 
Geminids, 11:55 
number of active showers each year, 2:42 
Orionids, 5:22–23 
Perseids, 2:56–57, 11:56 
possible first human-made shower, 1:9 

meteorites 
generation of Moon’s exosphere, 2:15 
majority originating from three main-belt asteroids, 2:9 
phosphorus possibly released by ancient impact, 2:9 

meteors 
hourly rate of sporadic meteors, 2:41 
trails of, 8:41 

methane, emissions and climate change, 4:23–26 
MethaneSAT, 4:22–25 
microlensing. See gravitational lensing 
Milky Way Galaxy 

See also Sagittarius A* 
effect on spin by merger with black hole, 1:9 
flares in disk of gas and dust surrounding central black hole, 7:9 
future collision with Andromeda, 1:9, 2:53, 9:9 
glow of, 8:39–40 
heaviest known stellar-mass black hole in, 2:14–15 
hypervelocity stars originating in LMC, 7:8–9 
image of over “Alien Egg” formations, 5:54–55 
image of over Atacama Desert, 7:14–15 
image of over glacier, 2:56 
image of over plateau lake, 5:56–57 
image of over Reflection Canyon, 7:56–57 
image of over river, 9:54 
image of over tree by dew pond, 4:56–57 
images of, general, 2:22–23 
images of with Comet Tsuchinshan-ATLAS, 5:22–25 
Leo Overdensity, 7:8 
low supernova rate, 6:51 
observations along the galactic plane, 2:22–27 
satellite galaxies, 7:14–18 
uniqueness of, 7:12–18 
used by moths for navigation, 11:9 

Mirach’s Ghost (Lost Pearl Galaxy; NGC 404), observing, 7:22–23 
Miss Mitchell’s Comet (Comet C/1847 T1), 5:42 
Misty Clover Cluster (Trumpler 37), observing, 3:47 
Mitchell, Maria, profile and image of, 5:42 
Mizar (Zeta Ursae Majoris) (star) 

image of, 7:27 
observing color of, 7:27 

ML (machine learning). See artificial intelligence 
Monkey Head Nebula (NGC 2174/5), image of, 11:55 
Mons Mouton (feature on Moon), 6:54–55 
Moon (Earth’s) 

See also names of specific missions to 
atmosphere of, 2:15 
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body weight on, 2:43, 3:53 
Clavius Crater, 6:54–55 
counterpoint to Sun’s progress along the elliptic, 6:38 
diameter and volume of, compared to Earth, 2:41 
draconic (nodal) cycle, 6:37–38 
eclipses of, 3:12, 50, 6:9, 7:56–57 
Giant Impact Hypothesis, 6:38–39, 9:17 
Heart feature, 2:11 
Herschel Moon Hoax, 2:45 
image of crater in south pole region, 6:54–55 
image of dawn breaking over Mare Crisium, 8:56–57 
image of Earth and, from Psyche mission, 12:7 
image of framed by New York City street scene, 9:56 
image of occultation of Mars, 4:56–57 
image of over volcano, 3:57 
imaging, 11:48 
imaging during Full Moon, 8:42–47 
impacts and magnetic field, 10:10 
international agreements over, 3:24 
liberation, 6:38 
Lunar X, The, 11:48 
map of successful soft landings, 3:25 
measuring longitude with, 6:38–39 
Mons Mouton, 6:54–55 
Moretus Crater, 6:54–55 
movements of, 6:36–39 
new wave of landings, 2:18–19, 3:22–27 
number of craters on, 2:44 
observing the New Moon, 10:55 
peaks where Sun is visible year-round, 10:16 
plans to place nuclear reactor on, 12:9 
potential insights from polar samples, 10:15–17 
rate of recession from Earth, 2:45 
relatively recent volcanic activity on, 1:10, 3:26 
ring of light around, 8:41 
Schrödinger Basin, 6:7 
Shackleton Crater, 3:26 
sidereal cycle, 6:37 
simple long-term imaging projects, 9:41–42 
synodic cycle, 6:36–37 
three-body problem, 6:39 
tidal locking, 12:50 
Vallis Planck, 6:7 
Vallis Schrödinger, 6:7 
variation in tidal flexing and appearance of nearside and farside, 9:11 
volcanic samples from, 3:9 
water ice at poles of, 9:17, 10:12–15 
where doesn’t appear to set, 9:52 

moons. See names of specific moons 
Moretus Crater (feature on Moon), 6:54–55 
Mount Wilson Observatory, threatened by fire, 5:9 
MSR (Mars Sample Return) mission, need for fresh ideas regarding, 2:14–15 
multiple-star systems. See names of specific multiple-star systems 
Muscleman Cluster (Stock 2) (open cluster), observing, 1:40, 42–43 

N 
N79 South (molecular cloud region), 5:7 
Nancy Grace Roman Space Telescope 
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expectations for, 3:20–21 
naming of, 5:44 

NASA (National Aeronautics and Space Administration) 
See also names of specific spacecraft and missions 
budget shortfalls and lack of strategic planning, 2:20 
Congressional funding bills, 11:9 
fire threatens JPL, 5:9 
interim administrator, 10:9, 11:9 
plans to place nuclear reactor on Moon, 12:9 
Trump administration cuts and changes, 5:8–9, 6:10, 9:8–9 

National Science Foundation (NSF) 
Congressional funding bills, 11:9 
funding for GMT, 11:12 
Trump administration spending freezes and DEI initiative terminations, 5:8–9 

near-Earth objects (NEOs). See names of specific near-Earth objects 
nebulae. See names of specific nebulae; names of specific types of nebulae 
NEOWISE (Near-Earth Object Wide-Field Infrared Survey Explorer), California Nebula, 4:7 
Neptune 

See also names of moons orbiting 
aurorae on, 7:7 
planned Chinese mission to, 7:9 

neutrinos 
measuring mass of, 8:9 
most energetic discovered, 6:12 

neutron stars, verification of within core of SN 1987A, 2:20 
New General Catalogue (NGC) 

See also specific NGC objects 
defined, 2:42 
observing star clusters of, 7:44–47 
overview of, 8:50 

New Glenn rocket 
first test flight, 5:7 
overview of Artemis program, 1:14, 20–21 

New Horizons spacecraft 
effect of Pluto flyby on trajectory and speed, 11:48 
quantifying the cosmic optical background, 2:36–37 

NGC. See New General Catalogue; specific NGC objects 
NGC (New General Catalogue), overview of, 8:50 
NGC 40. See Bow Tie Nebula 
NGC 129 (open cluster) 

image of, 1:40–41 
observing, 1:40, 41 

NGC 147 (dwarf elliptical galaxy), observing, 1:40, 41 
NGC 188. See Polarissima Cluster 
NGC 205 (dwarf elliptical galaxy) 

image of, 7:19 
observing, 7:22 

NGC 225. See Sailboat Cluster 
NGC 281 (Pacman Nebula), observing, 1:42 
NGC 288 (globular cluster), image of, 7:46–47 
NGC 346 (star cluster), images of, 6:26–27 
NGC 404 (Lost Pearl Galaxy; Mirach’s Ghost), observing, 7:22–23 
NGC 457. See Owl Cluster 
NGC 474 (elliptical galaxy), image of, 12:52–53 
NGC 602 (open cluster), 3:9 
NGC 654 (star cluster), image of, 7:46–47 
NGC 663 (open cluster) 

images of, 1:40, 7:46–47 
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observing, 1:40, 42 
NGC 752 (open cluster) 

image of, 7:22 
observing, 7:23 

NGC 891, 7:23 
NGC 896 (emission nebula), observing, 1:40, 43 
NGC 956 (asterism) 

image of, 7:22–23 
observing, 7:23 

NGC 1291 (ring galaxy), image of, 3:57 
NGC 1316 (Fornax A) (elliptical galaxy), image of, 7:54–55 
NGC 1317 (spiral galaxy), image of, 7:54–55 
NGC 1356 (barred spiral galaxy), image of, 2:58 
NGC 1499 (California Nebula), image of, 4:7 
NGC 1502 (open cluster), image of, 7:46–47 
NGC 1512 (barred spiral galaxy), image of, 6:54–55 
NGC 1514 (Crystal Ball Nebula), observing, 9:36–37 
NGC 1531 (dwarf galaxy), image of, 2:57 
NGC 1532 (spiral galaxy), image of, 2:57 
NGC 1931 (Fly Nebula), images of, 7:49, 10:57 
NGC 1980 (Lost Jewel of Orion) (open cluster), observing, 3:46 
NGC 2070. See Tarantula Nebula 
NGC 2170 (Angel Nebula), image of, 5:54 
NGC 2174/5 (Monkey Head Nebula), image of, 11:55 
NGC 2237-9 (Rosette Nebula; Caldwell 49), close-up image of, 2:7 
NGC 2244 (open cluster), close-up image of, 2:7 
NGC 2245 (reflection nebula), image of, 6:56 
NGC 2247 (reflection nebula), image of, 6:56 
NGC 2264 (Christmas Tree Galaxy Cluster), image of, 12:52 
NGC 2276 (Arp 25) (spiral galaxy) 

image of, 11:22–23 
observing, 11:26 

NGC 2276/2300 (Arp 114) 
image of, 11:22–23 
observing, 11:26 

NGC 2300 (lenticular galaxy) 
image of, 11:22–23 
observing, 11:26 

NGC 2451. See Stinging Scorpion Cluster 
NGC 2632 (Beehive Cluster; Praesepe; M44), observing, 3:47 
NGC 3172. See Polarissima Borealis 
NGC 3372 (Carina Nebula), image of, 6:54–55 
NGC 3374 (open cluster), image of, 6:54–55 
NGC 3503 (emission nebula), image of, 11:56–57 
NGC 3532. See Firefly Party Cluster 
NGC 3572 (emission nebula and star cluster), image of, 11:56–57 
NGC 3576 (Statue of Liberty Nebula), image of, 11:56–57 
NGC 3603 (emission nebula), image of, 11:56–57 
NGC 3718 (barred spiral galaxy), image of, 8:57 
NGC 4755 (Jewel Box Cluster), image of, 8:52–53 
NGC 5139. See Omega Centauri 
NGC 5335 (bared spiral galaxy), image of, 11:58 
NGC 5866 (Spindle Galaxy; M102), 5:50 
NGC 6144 (globular cluster), observing, 2:26 
NGC 6164/65 (Dragon’s Egg nebula), image of, 2:57 
NGC 6231 (Baby Scorpion Cluster), observing, 3:46 
NGC 6334. See Cat’s Paw Nebula 
NGC 6505 (galaxy), Einstein ring caused by, 6:7 
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NGC 6618 (open cluster), 1:9 
NGC 6633 (Captain Hook Cluster), image of, 7:45 
NGC 6709 (open cluster), image of, 7:45 
NGC 6723 (Chandelier Cluster), image of, 10:56 
NGC 6819 (Fox Head Cluster), image of, 7:45 
NGC 6834 (open cluster), image of, 7:45 
NGC 6888 (Crescent Nebula), image of, 11:54–55 
NGC 6934 (globular cluster), image of, 7:45 
NGC 6960, 5:48 
NGC 7000 (North America Nebula), images of, 3:57, 8:42–43 
NGC 7027 (Jewel Bug Nebula), image of, 7:53 
NGC 7142 (star cluster), image of, 7:46 
NGC 7293 (Helix Nebula), image of, 2:54–55 
NGC 7419 (star cluster), image of, 7:46 
NGC 7541 (galaxy), satellite galaxies, 7:16–17 
NGC 7635. See Bubble Nebula 
NGC 7640 (barred spiral galaxy) 

image of, 7:20 
observing, 7:21 

NGC 7662. See Blue Snowball 
NGC 7686 (open cluster) 

image of, 7:20–21 
observing, 7:21 

NGC 7789. See Crab Cluster 
NGC 7822 (Question Mark Nebula), image of, 8:57 
noctilucent clouds, 8:41 
North America Nebula (NGC 7000), images of, 3:57, 8:42–43 
North Celestial Pole, observations near, 11:22–27 
North Star. See Polaris 
novae 

See also supernovae; names of specific novae 
causes of, 2:46 
clustered around plasma jet from supermassive black hole, 2:10 

NSF. See National Science Foundation 

O 
Oberwerk BT-127XL-SD Binocular Telescope, 2:38–39 
observatories 

See also names of specific observatories 
involved in discovery of and research into exoplanets, 3:18 
using remotely, 9:17, 24–27 

Odysseus lander, 2:18, 3:24, 27 
Omega Centauri (NGC 5139) 

image of, 6:46 
observing, 6:46 

Omega Nebula (Horseshoe Nebula; Swan Nebula; M17) 
image of, 3:58 
infrared image of, 1:9 

Omicron Velorum Cluster (IC 2391), observing, 3:46 
101955 Bennu (asteroid). See Bennu (asteroid) 
Oort Cloud 

defined, 2:43 
probability of damage to Voyager probes when passing through, 8:54 
spiral structure of, 10:7 

open clusters. See names of specific open clusters 
Orion (constellation), observing Orion’s Belt, 3:44–45 
Orion Nebula Cluster, origin and evolution of, 11:9 
Orion Nebula (M42) 
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dark nebulosity within, 1:46 
Orion Bar, 1:46 

Orion spacecraft, overview of Artemis program, 1:17, 20–21 
Orionid meteors, image of with Comet Tsuchinshan-ATLAS, 5:22–23 
Owl Cluster (NGC 457) 

images of, 1:42–43, 7:46–47 
observing, 1:40, 42 

P 
Pacman Nebula (NGC 281), observing, 1:42 
PanSTARRS (Comet C/2017 T2), image of, 11:45 
Paranal Observatory, dark-sky conditions threatened by power company, 5:9 
parhelic circles, image of, 10:57 
Parker Solar Probe, closest pass of the Sun, 4:7 
Payne-Gaposchkin, Cecilia, profile and image of, 5:43 
Pelican Nebula (IC 5070), image of, 8:42–43 
Peregrine Mission 1, 3:24 
period-luminosity relationship, 5:43 
Perseid meteors 

image of over lake, 2:56–57 
image of over volcano, 11:56 

Perseus Galaxy Cluster, image of, 5:56–57 
Perseus Moving Group (Alpha Persei Cluster; Collinder 39; Melotte 20) (open cluster), observing, 3:45 
Perseverance rover (Mars 2020), need for fresh ideas for sample return mission, 2:14–15 
Phoenix Cluster, 8:36–37 
phosphorus, released by ancient meteorite impact, 2:9 
PI (principal investigator) scientists, rise of missions led by, 9:16 
Pi Puppis Cluster (Collinder 135), observing, 3:46 
Pillars of Creation (region in Eagle Nebula) 

image of, 2:25 
observing, 2:26 

Pinwheel Galaxy (M101), 5:50 
Planet Nine (Planet X) 

average temperature, 1:25 
length of year, 1:25 
mass of, 1:23, 25 
orbital distance, 1:23 
promising candidate for, 9:10–11 
radius of, 1:25 
search for, 1:22–27 
sednoids, 11:9 

Planet satellite fleet, 4:47 
planetary nebulae. See names of specific planetary nebulae 
planets 

See also exoplanets; names of specific planets 
determining size, mass, and composition of before spaceprobes, 8:54–55 
JWST’s findings on planet formation, 6:26–27 
rotation versus revolution, 2:44 
varying composition though formed from same solar nebula, 2:52–53 

Player One Zeus 455M Pro camera, 11:38–39 
Pleiades star cluster (M45) 

image of, 3:45 
observing, 3:45 
origin and evolution of, 11:9 

Pluto 
acquisition of moon after grazing collision, 5:9 
demotion of, 2:40 
effect of on New Horizons’ trajectory and speed, 11:48 

     23



Astronomy Magazine Article Subject Index 2025

geological activity of, 9:17 
next aphelion, 2:45 

PMO (Purple Mountain Observatory), discovery and naming of Comet Tsuchinshan-ATLAS, 5:24 
Polarimeter to Unify the Corona and Heliosphere (PUNCH) mission, launch of, 7:7 
Polaris (Alpha Ursae Minoris; North Star) (star) 

brightness of, 2:42 
images of, 11:24–25 
observing, 11:24 

Polaris Aa (Cepheid variable), observing, 11:24 
Polaris Ab (star), observing, 11:24 
Polaris B (star), observing, 11:24 
Polaris Dawn mission, 1:7 
Polarissima Borealis (NGC 3172) (lenticular galaxy) 

image of, 11:24 
observing, 11:24–25 

Polarissima Cluster (NGC 188) 
images of, 7:46, 11:26 
observing, 11:26–27 

Pollux (Beta Geminorum) (star), exoplanet orbiting, 5:12 
Pollux b (Thestias) (exoplanet), 5:12 
Porphyrion (black hole-jet system), 1:8–9 
Praesepe (Beehive Cluster; M44; NGC 2632), observing, 3:47 
Pragyan rover, 3:26, 27 
Prawn Nebula (IC 4628), image of, 12:54 
principal investigator (PI) scientists, rise of missions led by, 9:16 
Proba-3 mission, first artificial eclipse by, 10:7 
proton-proton chain, 4:55 
protoplanetary disks, minerals observed solidifying in, 11:7 
protostars, alignment of stars that formed together, 2:20 
PSR J0311+1402 (pulsar), 8:12 
Psyche mission, image of Earth and Moon, 12:7 
Ptolemy Cluster (M7) 

image of, 3:46 
observing, 3:47 

pulsars 
See also names of specific pulsars 
binary system with helium core, 10:10 
blinking in slow motion, 8:12 
Burnell’s discovery of, 5:46 

PUNCH (Polarimeter to Unify the Corona and Heliosphere) mission, launch of, 7:7 
Purple Mountain Observatory (PMO), discovery and naming of Comet Tsuchinshan-ATLAS, 5:24 

Q 
quasars, spiral arms, 5:10. See also names of specific quasars 
Question Mark Nebula (NGC 7822), image of, 8:57 

R 
radio astronomy 

See also fast radio bursts 
bursts from binary star system, 7:10 
jets emanating from spiral galaxy, 7:9 
most massive black hole-jet system, 1:8–9 

RCW 38 (star cluster), infrared image of, 6:10 
RCW 85 (emission nebula), image of, 7:55 
RCW 86 (supernova remnant), image of, 10:56 
REASONS (REsolved ALMA and SMA Observations of Nearby Stars) survey, 5:10 
red dwarfs. See names of specific red dwarfs 
reflection nebulae. See names of specific reflection nebulae 
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relativity, meaning of E=mc2, 2:41 
revolution, rotation versus, 2:44 
Rho Ophiuchi Complex (star forming region), image of over glacier, 2:56 
ring systems 

discovery that ring systems are common, 9:17 
possible ancient ring around Earth, 8:22–27 
of Saturn, shadows cast by, 2:50–51 
why outer planets have, 8:26 

rockets 
See also names of specific rockets 
comparison of, 1:20 
light from launches of, 8:41 

Roman, Nancy Grace, profile and image of, 5:44 
Rosette Nebula (Caldwell 49; NGC 2237-9), close-up image of, 2:7 
rotation, revolution versus, 2:44 
rovers, see also names of specific rovers 
Rubin, Vera C., profile and image of, 5:44–45 

S 
S1 (possible planet orbiting Alpha Centauri A), 12:8–9 
S/2025 U1 (moon of Uranus), 12:7 
Sag DEG (Sagittarius Dwarf Elliptical Galaxy), 2:43 
SAGA (Satellites Around Galactic Analogs) Survey, 7:14–18 
Sagittarius A* (Sgr A*) (black hole) 

binary star system discovered near, 4:9 
effect on spin by merger with black hole, 1:9 
flares in disk of gas and dust surrounding, 7:9 
Ghez’s research of, 5:46 
polarized light image of, 2:16 
possible jet emanating from, 2:16 

Sagittarius Dwarf Elliptical Galaxy (Sag DEG), 2:43 
Sagittarius Windo Eclipsing Extrasolar Planet Search region. See SWEEPS region 
Sailboat Cluster (NGC 225) 

images of, 1:43, 2:55 
observing, 1:40, 41–42 

SAO 69402 (HD 190918; WR 133) (Wolf-Rayet star), 11:49 
satellite galaxies, SAGA Survey, 7:14–18 
satellites 

See also names of specific satellites 
Chinese constellation for AI and data processing, 9:9 
effect of rising CO2 levels on, 12:9 

Satellites Around Galactic Analogs (SAGA) Survey, 7:14–18 
Saturn, shadows cast by rings, 2:50–51. See also names of moons orbiting 
Saturn V rocket, compared to other rockets, 1:20 
Schrödinger Basin (feature on Moon), 6:7 
science fiction, Somnium Astronomicum (Kepler), 6:17–19 
Seagull Nebula (IC 2177), image of, 7:49 
sednoids, 11:9 
Serpens Nebula, alignment of protostars within, 2:20 
SETI (Search for ExtraTerrestrial Intelligence) 

beginnings of, 5:16–17 
current efforts, 5:17, 19 
humpback whale bubble rings, 10:9 
targeting planets where signals might spill over to Earth, 12:9 

Seyfert galaxies. See names of specific Seyfert galaxies 
Sgr A*. See Sagittarius A* 
Shackleton Crater (feature on Moon), 3:26 
Shark Nebula (LDN 1235), image of, 9:56 

     25



Astronomy Magazine Article Subject Index 2025

Sharpless 2-27 (ionized region), imaging, 2:27 
Sharpless 2-114 (Flying Dragon Nebula), image of, 2:56 
Sharpless 2-132 (Lion Nebula), image of, 3:56 
Sharpless 2-155 (Cave Nebula), image of, 8:57 
Sharpless 2-157 (Lobster Claw Nebula), image of, 8:57 
Sharpless 2-200 (Bear Claw Nebula; HDW 2), image of, 10:57 
Sharpless 2-216 (planetary nebula), image of, 5:55 
Sharpless 2-234 (Spider Nebula; IC 417), images of, 5:57, 7:49, 10:57 
Sharpless 2–240 (Spaghetti Nebula; Simeis 147) (supernova remnant), image of, 9:54–55 
Sharpless 2-313 (Abell 35), image of, 9:56 
Sharpless catalog, overview of, 8:50 
Shenzhou 19 mission, 4:7 
Shoemaker, Carolyn, profile and image of, 5:45 
Shoemaker-Levy 9. See Comet D/1993 F2 
Sigma Cassiopeiae (double star), observing, 1:40, 41 
Silver Sliver Galaxy (Caldwell 23; NGC 891) 

image of, 7:22–23 
observing, 7:23 

Simeis 147 (Spaghetti Nebula; Sh 2-240) (supernova remnant), image of, 9:54–55 
Simonyi Survey Telescope, search for Planet Nine, 1:26 
Sirius A (Alpha Canis Majoris) (star), 2:42, 46 
Sirius B (star), possibility of type Ia supernova, 3:54–55 
Skyfall mission, 12:12–14 
SLIM (Smart Lander for Investigating Moon) mission, 2:18, 3:27 
SLS (Space Launch System), overview of Artemis program, 1:14, 17, 20–21 
Small Magellanic Cloud (SMC) 

glow of, 8:40 
image of, 7:14–15 
observing, 3:46 
star formation in, 7:15–17 

Smart Lander for Investigating Moon (SLIM) mission, 2:18, 3:27 
smartphones 

network of as space weather monitor, 3:9 
telescope for, 4:48–49 

SMBHs (supermassive black holes). See black holes 
SMC. See Small Magellanic Cloud 
SN 1987A (supernova) 

image of, 6:50 
not in Milky Way, 6:51 
verification of neutron star within core of, 2:20 

SN 2021lyfj (supernova), 12:10 
SNR 0509-67.5 (supernova remnant), 11:10 
SNR G305.4-2.2 (Teleios) (supernova remnant ), 12:10 
solar eclipses 

2024 (April), 2:16 
2024 (October), 1:55, 5:36–39 
2025 (March), 7:55 
2045 (August), 2:46 
artificial, by Proba-3 mission, 10:7 
longest totality, 2:46 

solar system 
See also names of specific features within 
edge of, 2:43 
effect of merger between Milky Way and Andromeda, 2:53 
habitability of outer planets and moons during Sun’s red giant phase, 6:53–54 
lack of evidence for lost planet between Mars and Jupiter, 4:54 
migration of giant planets in, 9:17 
varying composition of planets though formed from same solar nebula, 2:52–53 
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Voyager 1’s family portrait, 6:51–53 
Sombrero Galaxy (M104) 

ancient merger, 11:36–37 
images of, 11:36–37 
overview of, 11:36–37 

Southern Pinwheel Galaxy (M83), image of, 4:58 
Southern Pleiades star cluster (IC 2602) 

image of, 3:45 
observing, 3:46 

Southwest Research Institute (SwRI), astronomical research from suborbital spacecraft, 11:14–21 
Space Launch System (SLS), overview of Artemis program, 1:14, 17, 20–21 
Space Shuttles, compared to other launch vehicles, 1:20 
spacecraft 

See also names of specific spacecraft 
astronomical research from suborbital spacecraft, 11:14–21 
involved in discovery of and research into exoplanets, 3:16, 18 
relaxed requirements for commercial spaceports, 12:9 
rise of commercial spaceflight, 9:16–17 
rise of missions led by PI scientists, 9:16 

SpaceShipTwo. See VSS Unity 
SpaceX 

See also names of specific spacecraft and missions 
first commercial spacewalk, 1:7 
first successful booster catch, 2:10 

Spaghetti Nebula (Sh 2-240; Simeis 147) (supernova remnant), image of, 9:54–55 
SPHEREx (Spectro-Photometer for the History of the Universe, Epoch of Reionization and Ices Explorer) 

cloud of smoky molecules, 9:7 
launch of, 7:7 

Spider Nebula (Sh 2-234; IC 417), images of, 5:57, 7:49, 10:57 
Spindle Galaxy (M102; NGC 5866), 5:50 
spiral galaxies, radio jets emanating from, 7:9. See also names of specific spiral galaxies 
star clusters 

See also names of specific star clusters 
imaging, 7:47 
of New General Catalogue, 7:44–47 
super star cluster of protostars in LMC, 5:7 

star parties, 4:52 
Starfield Optics, Starfield Géar 115mm F/7 Triplet, 3:48–49 
Starliner spacecraft 

malfunction stranding two astronauts on ISS, 2:17, 7:9 
schematic of, 2:17 

Starlink satellites, environmental concerns and call for pause in launches, 3:10 
stars 

See also names of specific stars; names of specific types of stars 
brightest named, 2:42 
brightest nighttime, 2:46 
brightness naked-eye, 2:42 
Celestial Pole Stars across the ages, 8:53 
classification lettering, 12:49 
closest to Earth, 2:43 
comet belts discovered around, 6:7 
composition of, 5:43 
expulsion of outer layers at death of, 7:53 
extreme nuclear transients, 10:9 
factors resulting in different sizes and classes of, 8:52–53 
first close-up image of star beyond Milky Way, 4:10 
flash as planet falls into host star, 8:7 
formation of in Phoenix Cluster, 8:36–37 
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hypervelocity, 7:8–9 
image of trails over Italy, 2:55 
image of trails over portable tent observatory, 12:54 
image of trails over radio telescope, 8:57 
image of trails over solar telescope, 6:54–55 
magnitude system, 11:50 
mergers as explanation for blue straggler stars, 4:10 
naked-eye stars hosting exoplanets, 5:12 
observing different colors of, 7:24–27 
origin of elements, 10:46–50 
recorded in early publications but now missing, 12:40–43 
reddest naked-eye, 2:44 
spectral classification system, 5:42 
speed of formation of, 3:7 
used by moths for navigation, 11:9 

Starship system 
artist’s depiction of, 1:13 
first successful booster catch, 2:10 
orbit reached on ninth flight, 10:9 
overview of Artemis program, 1:17, 21 
refueling, 1:18–19 
successful 10th flight, 12:9 
upper stage explosion during static fire test, 10:9 
upper stage explosion on seventh flight, 5:7 

Statue of Liberty Nebula (NGC 3576), image of, 11:56–57 
Stinging Scorpion Cluster (NGC 2451) 

image of, 3:46 
observing, 3:47 

Stock 2 (Muscleman Cluster) (open cluster), observing, 1:40, 42–43 
Submillimeter Array (Hawaii), comet belts discovered around 74 stars, 6:7 
Sun 

See also solar eclipses; sunspots 
artificial eclipse of, by Proba-3 mission, 10:7 
CNO cycle, 4:55 
crystallization process, 1:53 
early theories for energy source of, 4:55 
eclipses of, 1:55, 2:16, 46, 5:36–39, 7:55 
effect of on carbonaceous asteroids, 8:9 
effect of rising CO2 levels and solar storms on satellites, 12:9 
energy emitted in one second, 2:44 
expulsion of outer layers at death of, 7:53 
green flash, 6:56 
habitability of outer planets and moons during red giant phase, 6:53–54 
image of coronal loops, 2:55 
image of ISS transiting, 5:54 
image of prominences and surface texture, 12:52–53 
most powerful solar storm on record, 9:9 
number of chemical elements in, 2:45 
parhelic circles, 10:57 
peak of current solar cycle, 2:9, 18–19 
proton-proton chain, 4:55 
radiation belts created by solar storm, 6:9 
sharpest images of corona, 9:7 
simple long-term imaging projects, 9:41 
solargraph of, 7:55 
superflares, 4:9 

sunspots, image of, 8:9 
Super Heavy launcher 
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first successful booster catch, 2:10 
overview of Artemis program, 1:14, 17, 20–21 

superclusters. See names of specific superclusters 
supermassive black holes (SMBHs). See black holes 
supernovae 

See also names of specific supernovae 
causes of, 2:46 
detection of dark matter via, 3:9 
dual explosions, 11:10 
energy output of, 5:48 
low rate of in Milky way, 6:51 
missing outer layer materials, 12:10 
most distant core-collapse, 5:7 
observing, 5:48 
perfectly spherical remnant, 12:10 
type I, 2:46 
type Ia, 3:54–55, 11:10 
type II, 2:46 

SWAN (Comet C/2025 F2), image of, 7:56–57 
SWAN (Comet C/2025 R2), image of, 12:56 
Swan Nebula. See Omega Nebula 
SWEEPS (Sagittarius Windo Eclipsing Extrasolar Planet Search) region 

image of, 2:27 
imaging, 2:27 

SwRI (Southwest Research Institute), astronomical research from suborbital spacecraft, 11:14–21 

T 
Tarantula Nebula (NGC 2070) 

images of, 5:58, 7:18 
observing, 6:46 

Teleios (SNR G305.4-2.2) (supernova remnant), 12:10 
telescopes 

See also observatories; names of specific telescopes and observatories 
adaptive optics, 1:50–51 
calculating magnification of eyepieces, 2:43 
comparison of eyepieces of different sizes, 3:54 
flat, lightweight lens, 6:9 
light-shield extensions, 8:44 
3D printing, 12:46 
using remotely, 9:17, 24–27 

Television Infrared Observation Satellite (TIROS-1), 4:45 
TESS (Transiting Exoplanet Survey Satellite), discovery of exoplanets via, 3:16, 20 
Thestias (Pollux b) (exoplanet), 5:12 
Thirty Meter Telescope (TMT) 

funding uncertainties, 8:21 
Spain’s offer for site and funding, 11:12 

Thisbe’s Veil (Ariadne’s Hair; Coma Star Cluster; Collinder 256; Melotte 111), observing, 3:46 
3I/ATLAS (C/2025 N1 [ATLAS]) interstellar object, discovery of, 11:8–9 
Tianwen-2 spacecraft, launch of, 10:9 
TIROS-1 (Television Infrared Observation Satellite), 4:45 
Titan (moon of Saturn), cross-sectional view of, 9:15 
TMT. See Thirty Meter Telescope 
Transiting Exoplanet Survey Satellite (TESS), discovery of exoplanets via, 3:16, 20 
transmission spectroscopy, 8:15–17 
Trapezium star cluster (part of Orion Nebula), 1:46 
TRAPPIST-1 (red dwarf), comparison of planets orbiting, 3:20 
TRAPPIST-1 d (exoplanet), lack of significant atmosphere, 12:9 
TRIDENT ice drill, 3:25 
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Trifid Nebula (M20), image of from VRO, 10:7 
Triton (moon of Neptune), planned Chinese mission to, 7:9 
Trumpler 37 (Misty Clover Cluster), observing, 3:47 
Tsuchinshan-ATLAS. See Comet C/2023 A3 
2023 KQ14 (Ammonite) (sednoid), 11:9 
2024 YR4 (near-Earth asteroid), 6:9 

U 
universe 

bucket full of deep space, 10:54–55 
calculating total mass of, 9:51 
possible rotation of, 8:9 
transparency of to UV light, 8:10 

Upper Scorpius association, observing, 3:45 
Uranus 

See also names of moons orbiting 
newly discovered moon, 12:7 
strange magnetic field observed by Voyager 2, 3:7 

Ursa Minor (constellation), observations within, 11:24–26 

V 
V Hydrae (star), 2:44 
Vallis Planck (feature on Moon), 6:7 
Vallis Schrödinger (feature on Moon), 6:7 
van den Bergh 4 (reflection nebula), image of, 2:55 
van den Bergh 9 (reflection nebula), image of, 3:57 
Vaonis Hestia telescope, 4:48–49 
variable stars, period-luminosity relationship, 5:43. See also names of specific variable stars 
Vega (Alpha Lyrae) (star) 

image of, 7:25 
images of debris disk, 3:10–11 
observing color of, 7:25 

Veil Nebula (Cygnus Loop; NGC 6960) 
image of, 7:58 
observing, 5:48 

Venus 
planned Chinese mission to, 7:9 
possibly too hot to have ever supported oceans, 4:8–9 
potential habitability of, 4:8–9 
temperature of, 2:42 

Vera C. Rubin Observatory (VRO) 
first images from, 10:7, 8–9 
schedule for first observation, 2:21 
search for Planet Nine, 1:26–27 

Vesta (asteroid), lack of distinct core, 9:9 
Victor M. Blanco 4-meter Telescope 

close-up image of Rosette Nebula, 2:7 
Dark Energy Camera (DECam), 2:7 

Vikram lander, 3:27 
VIPER (Volatiles Investigating Polar Exploration Rover), cancelation of mission, 2:20, 3:25, 9:9 
Virgin Galactic, astronomical research from suborbital spacecraft, 11:14–21 
vision, 9:18–23 

anatomy of the eye and observation of color, 7:26–27 
common errors in, 9:20–22 
illusion of, 9:18–20 

VISTA (Visible and Infrared Survey Telescope for Astronomy), image of Swan Nebula, 1:9 
VMS Eve (WhiteKnightTwo mothership), Galactic 5 mission, 11:17–20 
Volatiles Investigating Polar Exploration Rover (VIPER), cancelation of mission, 2:20, 3:25, 9:9 
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volcanism 
on Earth, image of Moon over volcano, 3:57 
on Earth, image of Perseids over volcano, 11:56 
on Moon, 1:10, 3:9, 26 

Voyager 1 spaceprobe 
on AINTNO list, 2:27 
currently-running instrumentation, 6:51 
distance from Earth, 2:43 
possibility of taking pictures with, 6:51–52 
probability of damage when passing through Oort Cloud, 8:54 
solar system family portrait, 6:51–53 

Voyager 2 spaceprobe 
currently-running instrumentation, 6:51 
distance from Earth, 2:43 
plasma science instrument shutdown, 2:9 
possibility of taking pictures with, 6:51–52 
probability of damage when passing through Oort Cloud, 8:54 
strange magnetic field at Uranus, 3:7 

VRO. See Vera C. Rubin Observatory 
VSS Unity (SpaceShipTwo) 

astronomical research from, 11:14–21 
flight profile, 11:18–19 
Galactic 5 mission, 11:14–21 

W 
WASP-39 b (exoplanet), transmission spectroscopy, 8:15–17 
WASP-43 b (exoplanet), 2:20 
water 

on asteroids, 8:9 
on Ceres, 1:11 
discovery of moons with, 9:15–16 
on Mars, carbon dioxide glaciers and, 3:8–9 
on Mars, ice, 2:9, 44 
on Mars, loss of, 1:7 
on Mars, source of red color, 6:12 
on Moon, 9:17 
on parent body of Bennu, 5:11 
on Venus, possibly too hot to have ever supported oceans, 4:8–9 

weather 
See also climate change and global warming 
dew point versus relative humidity and good observations, 5:52–53 
gamma-ray bursts and flickers produced by thunderclouds, 3:7 
satellites for observing weather and climate change, 4:44–47 
smartphone network as space weather monitor, 3:9 
temperature surpasses Paris Agreement limit, 5:9 

Westerlund 1 (star cluster) 
discovery of, 1:36 
images of, 1:36–37 

white dwarfs, double-faced, 8:9. See also names of specific white dwarfs 
Wild Duck Cluster (M11), images of, 2:24, 8:45 
William Optics RedCat 91 telescope, 7:48–49 
Williams, Suni, 2:17, 7:9 
Wilmore, Butch, 2:17, 7:9 
WISPIT 2 (star), planet orbiting, 12:7 
WOH G64 (red giant star), 4:10 
Wolf-Rayet (WR) stars 

See also names of specific Wolf-Rayet stars 
observing, 11:49 
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overview of, 11:48–49 
WR 133 (HD 190918; SAO 69402) (Wolf-Rayet star), 11:49 

Y 
Y Canus Venaticorum. See La Superba 
Yerkes Observatory, overview of, 6:20–25 
Yutu-2 rover, 3:24–25 

Z 
Zeta Ursae Majoris. See Mizar 
Zhen Wang Optical (ZWO) 

Astro Seestar S30 smart telescope, 12:44–45 
Seestar S50 telescope, 1:44–45 

zodiacal light 
image of over plateau lake, 5:56–57 
overview of, 8:40 

ZTF (Comet C/2022 E3), image of, 11:40–41
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Aging star rejuvenated by eating one of its own, 4:10 
AINTNO objects, 2:27 
Alien comet belts come into focus, 5:10 
The Artemis Accords, 10:14 
Artemis explained, 1:12–21 
Astronomers urge pause to Starlink launches, 3:10 
Astronomy reels under Trump onslaught, 5:8–9 
Astronomy tests the Seestar S50, 1:44–45 
Astronomy tests ZWO’s Seestar S30, 12:44–45 

B 
Bennu has life’s building blocks, 5:11 
Betelgeuse may have a Betelbuddy, 2:8–9 
Beverly Lynds and her dark nebulae, 7:38–43 
Birth of a binary, 7:7 
Black hole eats faster than allowed, 3:9 
Black hole jet sparks cosmic fireworks, 2:10 
A blooming nebula, 2:7 
Blue Ghost lander aces Moon mission, 6:8–9 
Bots nest at space CPR, 12:10 
A bridge of stars, 12:7 
Budget shortfalls threaten NASA’s future, 2:20 
Bursting with starbirth, 5:7 

C 
Can we detect alien artifacts?, 5:14–19 
Can you 3D-print a telescope?, 12:46 
Capture the Moon, 11:48 
Carbon dioxide glaciers gave Mars liquid water, 3:8–9 
Carbon emissions are a drag on satellites, 12:9 
Cataloging the heavens, 8:50 
A cluster above all others, 1:36–37 
Cluster cones, 11:8–9 
The comet of the year, 5:20–25 
Costly upkeep, 4:41 
Cracking under pressure, 8:24 

D 
Dark energy may be changing, 8:8 
The dark Orion Nebula, 1:46 
A dark wolf, 3:7 
Delights of the southern sky, 6:46 
Did Earth once have a ring?, 8:22–27 
Discover great NGC star clusters, 7:44–47 
Does Planet Nine exist?, 1:22–27 
Donaldjohanson’s strange shape revealed by Lucy, 8:12 
Don’t mess with Antarctica, 4:36–43 
The Double Asteroid Redirection Test, 12:22 
DSLR astrophotography, 2:48 
The DWARF 3 scope is a giant in its field, 8:48–49 
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Eclipse success on Easter Island, 5:36–39 
Enter the big binocular universe, 2:38–39 
Euclid captures billions of galaxies, 5:26–27 
Euclid spies an Einstein ring, 6:7 
Europe’s star power, 8:21 
Experience Kepler’s astronomical dream, 6:14–19 
Explore the brightest deep-sky objects, 3:44–47 
Explore the Moon’s motions, 6:36–39 
Explore the wonders of Andromeda, 7:19–23 
Exposing the interstellar medium, 7:36–37 
Eye in the sky, 4:24 

F 
A farewell to Jim Lovell, 12:24–27 
5 modern revolutions in planetary science, 9:12–17 
40 cosmic questions answered, 2:40–46 

G 
Galaxy clears hydrogen ‘fog,’ 8:10 
A galaxy cluster conundrum, 8:36–37 
Gazing at a crystal ball, 9:36–37 
Get thee to a star party!, 4:52 
Getting started, 4:17 
Getting started with remote imaging, 9:24–27 
Giant black hole jets stretch deep into the cosmic void, 1:8–9 
Giant Magellan Telescope gets NSF nod, 11:12 
Glorious globs, 9:48 
A guide to beginner’s guides, 9:44–47 

H 
The high-def sky, 10:7 
How big were the first galaxies?, 3:36–37 
How drones are redefining Mars exploration, 12:12–14 
How I flew to space as a researcher, 11:14–21 
How to build climate solutions, 4:20–27 
How to image more comets, 11:40–46 
How we track near-Earth asteroids, 12:16–23 
How weird is the Milky Way, 7:12–18 
Hubble illuminates a dark, dusty pillar, 8:7 
Hunting for atmospheres, 8:18 

I 
I spy five exoplanet hosts, 5:12 
IM-2 falls flat, 6:9 
Imaging filter basics, 7:50 
Impacts spiked the Moon’s magnetic field, 10:10 

J 
JWST discovers possible planet around Alpha Centauri A, 12:8–9 
JWST spots possible ‘direct-collapse’ black hole, 11:11 

K 
K2-18b biosignature claim draws scrutiny, 9:10 
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Large organic molecules found on Mars, 8:10 
Launch down under goes sideways, 11:10–11 
Leaderless NASA faces massive proposed science cuts, 9:8–9 
Let the Northern Lights amaze you, 6:40–45 
‘Little red dots’ are still a big mystery, 5:8–9 
Live long and prosper, 6:26–27 
The LMC might have a supermassive black hole, 7:8–9 
A local ‘dark galaxy,’ 8:9 
Luna may be lopsided, 9:11 

M 
Marley Foundation Astronomy Discovery Center, 3:38–43 
Mars and its canals, 3:42 
Mars Cloud Atlas, 1:7 
Maximizing your lunar eclipse, 3:50 
A measure of darkness, 2:24 
Mighty Mars at opposition, 1:48 
The Moon’s beaded heart, 2:11 
The Moon’s volcanoes may be much younger than thought, 1:10 
The most energetic neutrino yet, 6:12 

N 
The nest of the Swan, 1:9 
The new golden age of Moon exploration, 3:22–27 
New Horizons measures how dark the universe can get, 2:36–37 
New rockets for the Moon, 1:20 
Notes from the night sky, 10:52 
Nuclear bombs could deflect asteroids, lab tests suggest, 1:10–11 

O 
Observe the multihued sky, 7:24–27 
Our 16th annual Star Products, 10:38–45 

P 
A parting glance, 4:7 
Peaks of Eternal Light, 10:16 
A perfectly spherical supernova remnant, 12:10 
Planet Nine search yields unexpected candidate, 9:10–11 
Planet trio found around Barnard’s Star, 7:10 
Player One Astronomy’s Zeus camera, 11:38–39 

Q 
A quick peek at Deimos, 7:9 

R 
The rebirth of Yerkes, 6:20–25 
The RedCat 91 is a refractor everyone should want, 7:48–49 
Remembering Hale-Bopp, 10:24–27 
Report documents Arecibo’s collapse, 3:11 
Rewriting lunar history, 3:26 
The role of spectroscopists, 8:16 

S 
Scale it up, 5:17 
Scar gazing, 4:50 
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Searching for life in the Milky Way, 8:14–21 
Short-lived organics hint at Ceres’ habitability, 1:11 
The six rules of Full Moon imaging, 8:44 
Sky glows you should know, 8:38–41 
Slow-motion pulsar could me missing link, 8:12 
Solar rain, 9:7 
Solar scope’s sunspot shots stun, 8:9 
Solving the climate equation, 4:12–19 
Spacecraft for lunar exploration, 1:17 
SpaceShipTwo flight profile, 11:18–19 
SpaceX makes a historic booster catch, 2:10 
Spectacular supernovae, 5:48 
Spot an asteroid tonight, 12:36–39 
A star that exploded twice, 11:10 
Stars and gas shine in RCW 38, 6:10 
A star’s dying breaths, 4:10 
Star’s guts laid bare by supernova, 12:10 
Stars lost to history, 12:40–43 
The story behind the elements, 10:46–50 
Strange binary behind long radio signals, 7:10 
‘Strange binary’ uncovered, 10:10 
Studying ourselves, 4:44–47 
Suiting up for the Moon, 1:15 
A swipe at the Cat’s Paw, 11:7 

T 
Take a trip to the North Celestial Pole, 11:22–27 
Take time with your images, 9:38–43 
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10 women who changed astronomy, 5:40–46 
Third interstellar visitor 3I/ATLAS discovered, 11:8–9 
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Trump lays siege to space science, 6:10 
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Unusual spiral quasar defies theory, 5:10 
Unveiling Andromeda’s true nature, 10:18–23 
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Vega’s smooth disk is a mystery, 3:10–11 
Vera C. Rubin Observatory releases first-look images, 10:8–9 
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Want to find a black hole? Pick up a rock, 4:9 
Was Venus always too hot for water?, 4:8–9 
We test Starfield Optics’ new scope, 3:48–49 
A well-worn wheel, 2:9 
Were we wrong about Mars’ red color?, 6:12 
What’s hiding at the lunar poles, 10:12–17 
What’s in a name?, 5:24 
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Where are all the aliens?, 5:18–19 
Who owns the Moon?, 3:24 
Who’s afraid of the Big Bad Moon?, 8:42–47 
Why do the outer planets have rings?, 8:26 
Why you can’t trust your eyes, 9:18–23
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