ASTR 1040: Stars & Galaxies

Prof. Juri Toomre TAs:
Lecture 29 ues 2 ay 201 7
2eus.colorado.edu/astr:

Our Schedule
* Fil on Wed May 10, 1:30pm-
:00pm, here, closed book, 2 crib sheets

allowed (4 sides) bring pencils
* Review #4 tomorrow (Wed) 5pm-7pm by
Conner Bice, here

* All observatory re, , "virtual” or actual
project A, due D2, dropbox by Mon May 8

* Finish reading 23.4 Dark Energy and Fate of
Universe b Lo

* Today: First few minutes of our Universe
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REMINDER
Models of universe — and its fates

SIZE

@
N

average distance between galaxies
(based on redshift)

past -—E—- future TlME

time in billions of years

White-dwarf SN - accelerating universe

Conjecture: An unknown
force at large scales
begins to counteract
pull of gravity

“Dark energy " -
outweighs every other
form of mass/energy

~73% (maybe 68%)

Baryons: 4.4% (5%) Dark Matter: ~23% (27%)
with a FLAT universe and early inflation

Acceleratic Universe: Mass-Energy Pie Chart

« Dark energy—more
prevalent than every
other form of
mass/energy!

» Arepulsive force that
counteracts gravity?

0.5% stars 5% ordinary
matter (atoms)
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“Our view of CMB |
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Temperature differences are
graatest between patches
separated by 1°.

relative size of tlemperalure fluctuations
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“Overall Geometry” of Universe
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What CMB ripples and distant SN imply
about cosmology parameters
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Motivating puzzle: Why is CMB so uniform?

time us

now

380,000 yr

—_) distance

Maijor recent idea: INFLATION
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Universe

e @ UNCERTAIN
INFLATES: ‘Z PHYSICS
atomic nucleus size : :
to solar system &

- s gravity
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period of
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Acceleraiedc Bgpansion of the Lniverse
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What is Olber’s paradox? D.

A. If the universe was infinite, any direction
you looked you would eventually see a

star

B. If the universe was infinitely old, the
starlight would have time to get here

C. The sky should look bright at night—
because all directions would have
starlight

D. Al of the above

. bl iR

Olbers  Paradox:
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.......

“Observational Pillars” of Big Bang Theory

The universe is aglow with thermal
radiation, the Cosmic Microwave
Background (CMB)

The observed abundances of light elements

agree with Big Bang predictions

The universe is expanding

The night sky is dark

Evolution ‘ w-

of Universe

Briefly recall physics in our realm now:

“Standard Model”
particle properties habits
up quark always in groups of 3,

+ or - charge

form nucleons:

large mass proton = u+u+d
down quark neutron = u+d+d
. no charge .
neutrino N barely interacts
tiny mass
- charge .
electron g orbits nucleus
small mass

Quarks and gluons: building blocks

electron
<10"%cm

@

e
E

atom~10*cm
Ancient Greeks
hypothesize “atmos”
or indivisible particles

1700s-1800s many
different kinds of
atoms discovered
(elements)

praton
(neutron)
~10%cm

early 1900s - atoms
composed of nucleus
and electrons

nucleus
~10"%cm

nucleus composed of
protons, neutrons

quark
~10"%em

1960s - protons
and neutrons
composed of
quarks




In the earliest stages after inflation

High-energy photons create
quarks, anti-quarks

Quark-gluon plasma - at very high
temperatures (T>10'2 K),
strong force not strong enough
to hold quarks together.

Once photon energy drops below
10'2K, strong force overcomes

o l 2
** : kinetic energy.
2 *. Quarks are immediately confined
= Oo © — protons, neutrons

From quarks to atoms

() everything held (d)
@ together by
Strong force (J o

proton = u+u+d

e hydrogen = proton

neutron = u+d+d
deuteron =p +n

3 4
(isotope of hydrogen) He He

helium isotopes
tritium = p + 2n 2 protons
(isotope of hydrogen) + 1,2 neutrons

THE COSMIC_FIREBALL

DECEDOT DRSS 15 ExPmsnIE

Making helium in first 3 minutes

Step 1 Step 2 Step 3
Proton and Two deuterium  Hydrogen-3
neutron fuse nuclei fuse fuses with
to form a to make deuterium
deuterium hydrogen-3. to create
nucleus. helium-4.
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P e T e
9

JUST DO NOT MAKE EVERYTHING INTO HELIUM !
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Matter, Anti-matter and Energy

Particle creation
gamma-ray photon electron

At
photons convert into
particle+antiparticle pairs, /\’\/\/\ |, o

and vice-versa e

s l\ +
Matter & are the /\f\/w ’\*
same: E :’m gamma-ray photon antielectron
Early universe was full of Particle annihilation
‘L’Iammsvelsear::o today: anluelef‘mn gamma-ray photon
Lbilion photons (ight) .|~
1 leftover proton

=T —

electron gamma-ray photon
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H and He ratio after ~3 minutes

14 protons 2 neutrons

win JOPPIIId @

helium

synthesis ‘ ‘ Q ‘ e e e

helium

synthesis 0 e ’ ‘ e J

12 hydrogen

e
atomic mass = 12

i JPPDIDP \&

1 helium

atomic mass = 4

75% hydrogen, 25% helium, trace of deuterium

Fotsntion of ELEMOTT DR Fitsr
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During first
3 minutes

Making the

elements
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Sensitivity in making the light elements
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Era of Atoms

» , Craofatoms A

r e B o] ool
for LN R
combine with nuclei
to form atoms
(380,000 yrs)

Afier “recombination ":

!
Photons now » 380,000 3,000K
et R
to MB of
future
Universe becomes 6,000 K

-— lemperature

Dark Energy
Accelerated Expansion

Afterglow Light
Pattern Dark Ages
400,000 yrs. |

Inflation

Quantum |
Fluctuations

1st Stars
about 400 million yrs.

Big Bang Expansion
13.7 billion years
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