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INTRODUCTION

This e-book is part of a series called Hubble Focus. Each book presents some of Hubbled6 s mo r
servations within a particular topic. The subjects span from our nearby solar system out to the hori
servable universe.

This book, Hubble Focus: The Lives of Stars, highlights some of Hubbled s r e c e nries about
and death of stars. Hubblebs contri butions are often i n par
ground, and they build on decades of discoveries that came before Hubbleb s | aunch.
stand how our universe has come to be the way it is today.



About the Hubble Space Telescope

Since its | aunc hHubble Spacé Pelescopd Has mates more than 1.5 million obse
huge archive of scientific findings, and had a profound effect on all areas of observational astrono
dressed fundamental cosmic questions and explored far beyond the most ambitious plans of its builde
that galaxies evolve from smaller structures, found that supermassive black holes are common at the
verified that the universeds expansi on i s |a&fal o
atmospheres of extrasolar planets, and supported interplanetary missions. The rate of discovery with
paralleled for any telescope in the history of astronomy.

Hubblebserves the universe from Eartfustlaititside our planet's atmosphere.



and close to the glowing nuclei of active galaxies. Astronomers have used Hubble6 s s har p
visible universe, uncovering never-before-seen objects that existed not long after the birth of the unive

Hubblebs view is optically stabl e, meaning the d
orbit to orbit. Hubble can revisit celestial targets with the same acuity and image quality over and ove
cial for precision observations in which astronomers try to detect small changes in the light, motion, o

celestial object.

Hubble is more technologically advanced now than it was when launched, thanks to the maintenancs
vided by five space shuttle servicing missions between 1993 and 2009. Hubble is expected to continug

to come.

Astronaut John Grunsfeld performs worldabliteeSpace Tetgseas the first of five spacewalks during the |

Credit: NASA




CHAPTERStar Birth and Planet F

For thousands of years, people believed in a static and unchanging universe. At a glance, it is easy tq
have been twinkling in our night sky longer than anyone can remember. The constellations trace thei
in a regular, predictable way. It may seem as though the starry sky is a peaceful backdrop full of brig
cons.

But with the Hubble Space Telescope, we can take a closer look and see the stunning, chaotic proc
cosmos. Hubble can pinpoint new stars that recently burst to life from swirling clouds of gas and dus
out the galaxy. And it has shown that some of these nascent stars are ringed with dusty debris, fro
form.

The star-birth process is not always straightforward. Stars are often born as twins or triplets, or i
Gravitational tussles can lead to stars or planets being kicked out of their systems. The formation pro
where in between building a planet and a star, producing intermediate objectsd called brown dwarfsd
described as either. Young stars often exhibit violent activity that may sear their planets with harmf
30 years, Hubble has observed stars near and far to help us understand more about how they form a
ies have also helped us piece together how our own little cosmic neighborhood may have formedd o
eventually us.




This colorful image, resembling a cosmic version of an undersea world, was released to commeey
the portrait, the giant red nebula (NGC 2014) and its smaller blue neighbor (NGC 202&fparengarégi
Cloudla dwar f galaxy that orbit s enterpiece ida gréuying \dfdnyght,
times more massive than our Sun. The blue nebula was created by a solitary mammoth star 200,000

Credit: NASA, ESA, and STScl



DFOKSNAY 3 [/ tdzSa uz | {0
About 1,300 light-years away, the Orion Nebula is hosting real-life star wars. A gravitational T
tussle has resulted in the breakup of a young multiple-star system, sending fledgling stars fly- stg
ing away in different directions. The speedy, wayward stars went unnoticed for hundreds of

years until recent infrared and radio observations, which could penetrate the thick dust in the yo
Orion Nebula, picked out two of the stars. Astronomers traced both stars back to the same g
starting point, but t bme whithuie grapellingothein iawag flom mecme n,
ot her , di dnot add up to fully account for t€
have been involved in the breakup. Th

t

Hubble helped solve the missing momentum puzzle by revealing the long-suspected third
member of the group. Researchers found the third star while hunting for free-floating planets
using the near-infrared vision of Hubble6 s Wi de Fi el d Camera 3. A shu
infrared images, taken in 2015, with infrared observations taken in 1998 using Hubble6 s Ne a
Infrared Camera and Multi-Object Spectrometer (NICMOS) and found that the star is moving
about 130,000 miles per hourd much faster than the other stars in the area. Astronomers fol- _
| owed the newly found ghe samélscatipnanhdre the ano previously t Ei\ilv
known speeding stars once resided. All three of the runaway stars continue to move extremely
fast on their way out of the nebula.
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https://hubblesite.org/contents/news-releases/2017/news-2017-11

Puzzling Out Star Formation in the Early Universe

When the universe was young, stars formed at a much higher rate than they do .

today. Hubble can explore this early cosmic era by peering across billions of n When
light-years of space to view distant galaxies. With the help of a light-bending reconstructe
phenomenon called gravitational lensing, Hubble took an even closer look to view

the distant galaxy SGAS J111020.0+645950.8, alight with furious star-forming \W € s ai

actvy. looks like firg
Gravitational lensing happens when the gravity from an intervening cluster of . i
galaxies warps and magnifies light from a more distant galaxy as the light makes are going o
its way to Earth. Hubble used a set of these natural cosmic magnifying glassesto \w h e r e .
view a galaxy so remote that we see it as it appeared 11 billion years ago, only

2.7 billion years after the Big Bang. Researchers developed computer software to  jane Rigby, NASA God
remove distortions created by the | en®ieng and
normally appear. Between the distortion removal and the magnification of the

gravitational lens, astronomers were able to capture an image that is 10 times

better than what Hubble could achieve on its own, showing dense clusters of bril-

liant, young stars in the galaxy that resemble cosmic fireworks. Theories predict-

ed that star-forming regions in the distant, early universe were 3,000 light-years

or more in size; however, the Hubble image revealed two dozen clumps of new-

born stars that each spanned only about 200 to 300 light-years.

) ke 3
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https://hubblesite.org/contents/news-releases/2017/news-2017-27




Uncovering Brown Dwarfs in the Orion Nebula

Performing an unprecedented survey to search for small, faint objects in the Orion Nebula, AW
astronomers used Hubble to uncover the largest known population of brown dwarfs. These

strange celestial objects are too massive to be classified as planets, but are not massive ture
enough to ignite as stars. Brown dwarfs provide important clues to understanding how stars obje
and planets form, and they can be identified by the presence of water vapor in their atmos-

pheres. Hot water vapor in the atmospheres of brown dwarfs cannot be easily detected from ama;
Earthés surface because water vapor i n ouclea
tions. Hubble6s | ocati on above Ear t hidfraredavision@lfoweld & 10 ez @
easily spot water on these brown dwarfs. Institute

The team of researchers searched for companions to 1,200 reddish stars in an effort to lo-
cate especially small and faint objects. They found 17 candidate brown dwarf companions to
red dwarf stars, one brown dwarf pair, and one brown dwarf with a planetary companion.
The study also revealed three possible planets: one gravitationally linked to a red dwarf, one
to a brown dwarf, and one to another planet.



https://hubblesite.org/contents/news-releases/2018/news-2018-03



https://hubblesite.org/contents/media/videos/2018/21/1032-Video.html

Spotting a Huge Dusty Disk around the Young Sta

~

The idea that planets form in dusty disks around stars is hundreds of years old, but astrono- I
mers only found observational evidence relatively recently. Stars are so bright that they typical- .
ly render surrounding debris invisible, which hides clues about young star systems. Hubble has trig
advanced our understanding of circumstellar environments by using instruments to block star-  tg|
light so that dimmer features and objects near a star can be seen. Astronomers using Hubble
previously discovered a bright, narrow inner ring of dust around a young star named HR ho
4796A, but new observations revealed a much more expansive dust structure enveloping the

Seld Iy
th

HR 4796A is likely forming infant planetsd a process scientists think is mostly confined to the

smaller, donut-shaped ring of dust, which lies seven billion miles from the star. Collisions be- te
t ween the systemds developing planets | kelt)i1
which spans about 150 billion miles across. The shape of the larger dust structure, which is

like a much bigger, puffier donut, is truncatedd it extends farther in one direction than the oth-
er. This may be a result of the host star plowing through the interstellar medium, like the bow
wave from a boat crossing a lake. Or its shape may be influenced by a gravitational tug from
the stards red dwarf bi nary companion (HR 47§
primary star.
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https://hubblesite.org/contents/news-releases/2018/news-2018-11

Exploring Shadows Cast by a Platieirming Disk ara
Fledgling Star

In a stellar nursery called the Serpens Nebula, nearly 1,300 lighty ear s away, a ﬁy
game of shadow play reveals secrets of its unseen planet-forming disk. A ring of debris com- kn
posed of dust, rock, and ice surrounds the Sun-like star called HBC 672, but it is too small and
distant for even Hubble to seed at least directly. The disk casts a shadow approximately 200 SY4
times the length of our solar system. This shadow would be very difficult to detect in visible

light due to intervening dust, but Hubbled sear-infrared vision allowed astronomers to peer CI€
right through the dust. Observingtheso-cal | ed fABat Shadowo prov isch
solar system may have looked like billions of years ago, when it was only one or two million
years old. t

Although the type of disk that gives rise to the shadowy feature is common around young
stars, the combination of an edge-on view and the surrounding nebula is rare. HBC 672 and
other stars light up gas and dust in the nebula, and without the resulting contrast there could
be no visible shadow. While most of the shadow is completely opaque, scientists studied its
shape and color to determine the size and composition of dust grains suspended in the disk.
The team discovered new information about the properties of both the nebula and the dusty
disk. The puffiness of the disk, for example, implies that it is full of gas. Even more recent ob-
servations have shown that the wing-like shadows appear to be flapping. Scientists think this
movement may occur because the shape of the orbiting disk is irregular, and an unseen planet
may be warping it even further.



https://hubblesite.org/contents/news-releases/2018/news-2018-40
https://hubblesite.org/contents/news-releases/2020/news-2020-22



https://hubblesite.org/contents/media/videos/2020/22/1281-Video

Watching Stars Burst into Life from a Close Galacti

Galaxies are colossal island universes that seldom interact with each other, but when they do n o
it can trigger a flurry of new star birth. Hubble viewed the irregular galaxy NGC 4485 to study

the aftermath of a glancing blow between galaxies. The observation revealed one side of the star
galaxy ablaze with star formation, shown in a myriad of young blue stars and star-incubating of N
pinkish nebulas. The other si de, however, appears intact :
previous spiral structure. veal

NGC 4485 and its combatant galaxy, NGC 4490, sideswiped each other millions of years wha
ago. Rather than destroying either galaxy, the chance encounter spawned a new generation h

e . wne
of stars, and presumably planets. The gravitational taffy pull caused by their close encounter
created rippling patches of higher-density gas and dust within both galaxies, which sparked a gCti
burst of star formation. Such interactions were more common billions of years ago, when the
universe was smaller and galaxies were closer together. Hubbleb s obser vati o s tn
vided further insight into the complexities of galaxy evolutiond it also opened a window to the

universeds di st afrequenptiasid collisians lechto steltar renewal and birth, 1M Rof


https://hubblesite.org/contents/news-releases/2019/news-2019-30

Observing Star Birth Fuelday a Supermassive Blac

In 1997, a Hubble census revealed that supermassive black holes inhabit the heartsof 3 T N |
nearly every galaxy in the universe. These central black holes typically hinder star for-

mation by pumping out jets of energy, keeping interstellar gas too warm to condense strates t
and form stars. However, astronomers using the combined power of Hubble, N A Si’hgt%mce
Chandra X-ray Observatory, and the Very Large Array (VLA) radio observatory in New

Mexico have now discovered a black hole that is actually fueling a whirlwind of star getic out

birth in a cluster of galaxies.

black ho
The stellar turbo boost in this collection of galaxies, called the Phoenix cluster, is ap-
parently linked to jets emitted by a black hole that lies in the middle of a galaxy at the ly enhan
center of the cluster. The jets are less energetic than most black hole jets are. Instead Ieading t
of the jets pumping up the gas temperature, the gas loses energy as it glows in X-rays
and cools to where it can form large numbers of stars at a breathtaking paced about C O N S
500 times faster than in our Milky Way galaxy. The new Hubble observations also
showed that about 10 billion solar masses of cool gas are located along filaments lead- Michael McDong
ing toward the black hole. tute of Technolo



https://hubblesite.org/contents/news-releases/2019/news-2019-44

CHAPTERStar Death

Stars live such long lives that it seems like they exist outside of time, immunetothe ef f ect
ever; just as new ones are bursting into life on a regular basis, some run out of fuel every day. Wh
pends on t hé@é afate asunalysealedas bsrth.

When a star with about the same amount of mass as the Sun runs out of fuel, it becomes unstable an(
its outer layers of gas away into space. Our middle-aged Sun has about five billion years left before t
does, the Sun will swell to become a red giant star. After it loses its outer layers, only a small, hot|
dwarf will be left behind. The white dwarf will eventually fade out. Until then, the gaseous debris s
dwarf fluoresces as it expands out into the cosmos.

More massive stars are doomed to die in cataclysmic explosions called supernovas. The cores of thes
til all of the protons and electrons are crushed together into neutrons. If the core is between about ong
mass of the Sun, the collapse stops there, leaving behind a neutron star. Stars with higher masses co
form black holes.

Sometimes a star can steal material from a close neighbor, increasing its mass and changing its fate.

However a star dies, it plays an important role in cosmic evolution. Whether a small star sloughs off it
or a massive star blasts material out in a supernova, the deaths of stars seed the universe with new
ed material may be destined to be recycled into later generations of stars and planetsd and, perhaps,


https://hubblesite.org/contents/media/videos/2020/55/1292-Video?news=true




CAYRAY3I [/ 2YSG t2fff dziA 2

Hubble observed a white dwarfd the leftover core of a Sun-like star that exhaust- "Nitrogen is
ed its nuclear fueld and found the best evidence yet of the remains of a comet- g

|l i ke object polluting the dead starﬁsirﬁpbﬂl_aﬁtrelp
white dwarfs are known to host infalling debris from rocky, asteroid-like objects, ]

but bodies made of icy, comet-like material had never been observed in a white for life as we
dwarf d6s at mospher e b elfubbledo detécisand smay thender ft Si|§5ﬂ .
bris of the icy object. Using the ultraviolet vision of Hubbleb s Cos mi ¢ Or'7 auh agt
trograph (COS), the team was able to make measure_ments that are very diffic_ult object IS CIUI
to obtain from the ground. They found that the object that entered the white ]
dwarfos atmosphere is chemically si millAirogen,
more massive and with much more water. It is also rich in the elements essential

for life, including nitrogen, carbon, oxygen, and sulfur. Astronomers used the W. so than any
M. Keck Observatory in Hawaii t o det egsepseedin

atmosphere, including calcium, magnesium, and hydrogen.

| ar s
The findings indicate that there may be a belt of comet-like bodies, similar to our

solar systemds Kuiper Belt, or biti ng SiyikXueEuropehniSot
survived throughout the history of the star's evolution and demise. The results al- oy
SO suggest the presence of unseen, surviving planets whose gravitational influ-
ence may perturb the orbits of the icy bodies, sometimes sending them on paths
toward the white dwarf. The burned-out star also has a stellar companion, which
may disturb objects in the belt.


https://hubblesite.org/contents/news-releases/2017/news-2017-09

Repurposinga Centufg f R 9 ELISNA YSY
Mass

In 1915, Albert Einstein proposed the revolutionary idea that massive objects warp |, .
space. This theory was verified by an experiment four years later when a team led MeaSUflng
by British astronomer Sir Arthur Eddington studied a solar eclipse. They measured a
how much the Sunés gravity defl ected ?Xht'éen?er!%
grazed the eclipsed Sun. Hubbled s s harp vision has r ecgeflectiomnis

same gravitational warping phenomenon produced by a white dwarf, instead of the .

Hubble observed the nearby white dwarf Stein 2051 B as it passed in front of a dis- flrefly MOoveE
tant background star. During the cl osenexttodlip
much fainter light from the background star, making the star appear offset by about

2 milliarcseconds from its actual position. This deviation is so small that it is bul b.
equivalent to observing an ant crawl across the surface of a quarter from 1,500
miles away. Measuring how much the b a¥yAadsornnase

lowed astronomers to determinet he whi te dwarfoés mass, SCeFIKFEE

a larger deflection. The findings confirmed a theory describing the relationship be-

t ween a white dwarfés mass and si ze, and prov
sition of these dead stars.

Hubble measures deflection of starlight by a foreground object

Real star position *‘;‘ Observed star position

White dwa


https://hubblesite.org/contents/news-releases/2017/news-2017-25

Zooming in on Shrapnel from an Exploded Star

The Veil Nebula is one of the most spectacular stipeardsarr the sky, extending 13@&ghticross and covering an area of sky six times
larger than the full Moon. This visualization flies across a small portion of the nebulaHuitEgrayd@byst 5 ligkars.

Credit: NASA, ESAFarg@ummers, G. Bacon, Z. Levay, and L. Frattare (Viz 3D Team, STScl); Acknowledgment: HABAHESgantede (STScl/AURA)


https://hubblesite.org/contents/media/videos/2015/29/786-Video.html

































































































