ks Dr DCH’I’fﬂ Baskill
UmversVry of Sussex




A DIt about me

Dr Darren Baskill

>

Manages the oufreach programme
iIn Physics, Astronomy & Maths af
the University of Sussex.

Lectures undergraduate students
(data analysis for 15T year physicists
& astronomy for art students)

Part of SEPneft, the South-East
Physics Network of 9 universities
working together

Committee member for the Institute
of Physics (South-Central)

Occasionally still does science.
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Our Outreach

Programme

In 2017/8...
17,000 people at 115 events

~ 6,600 general public
~ 5,300 students at fairs

~ 4,900 School/college
students in classrooms

- 30% (34) events are with
WP partnher schools

Also days like foday!
' " US

UNIVERSITY
OF SUSSEX




Outreach @ Sussex

» We employ our university students to
deliver the activities — they are
wonderful role models!

> We visit schools, or schools visit us

» "Experiments in a suitcase”




Stars, planets, dwarf planefts,
asteroids/minor planets,
comets & exo*s
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the interstellar medium and stars
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Our Milky way Galaxy over Hawai'i
- the city of stars in which we live
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Artist impression from the side — showing dust lanes.

We know this by comparing with other, distant galaxies.
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A note about the colours of stars...
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Supergiants Stars don’t
) emit a single,
The colour of ¢ colour but a
stars depend broad range.
on their
temperature
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“ green stars as
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The Evolution of




Dimensions: 82500. AU Time: 0.yr
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EVOLUTION OF STARS

Planetary Nebula

Small Star Red Giant

White Dwarf

Large Star

N

Stellar Cloud
with
Protostars

IMAGES NOT TO SCALE ~ Black Hole



Average binding energy per nucleon (MeV)

Li’
Li®

1. Fusing elements lighter than iron or splitting
heavier elements (fission) releases energy

2. Either gluing or splittfing Iron would require
(absorb) energy and not release it.

3. So lIron, and more massive elements, do
not fuse — they fall apart

30

60 90 120 150 180 210 240
Number of nucleons in nucleus

270



EVOLUTION OF STARS

|
Planetary Nebula Ya,,
v,
.

L 4
.0

TS
White Dwarf

 J
e
e
L 4

Red Supergiant

n dadiaee ! Large Star
Stellar Cloud
with
Protostars

IMAGES NOT TO SCALE ~  Black Hole



Stellar Evolution

The

Luminasity, L
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H-R diagram reminder...
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Summary of the Sun’s Evolution: Step 1
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Stellar Evolution



ﬂ* UK Astrophysical d
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gas cloud...
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Matthew Bate
University of Exeter

www.ukaff.ac.uk
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Summary of the Sun’s Evolution: Step 1
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Summary of the Sun’'s Evolution: Step 2
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Stellar Evolution



Summary of the Sun’'s Evolution: Step 3

Stellar Evolution
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Summary of the Sun’s Evolution: Step 4
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Stellar Evolution



Summary of the Sun’s Evolution: Step 5
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The Sun as a main-sequence star
(diameter = 0.01 AU)




elium Flash

Core

Eventually, thanks to Hydrogen burning in a shell
around the core, the core temperature
becomes hot enough for...

Helium fo finally fuse into carbon!

This fusion heats the core allowing even more
helium to fuse — a sudden runaway chain
reaction!

Carbon

It gets hot enough And then so hot,
to remove electrons fusion can start



elium Flash

Core

Within seconds, temperature is high enough for
thermal pressure to overcome gravity.

This explosion is called the Helium flash.

The inner layers expand, easing the core
pressure & causing the nuclear reactions to
slow. The star shrinks, its luminosity falls and it
stabilises, turning Helium into Carbon.




Summary of the Sun’s Evolution: Step 6

Stellar Evolution
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Summary of the Sun’s Evolution: Step 7

Stellar Evolution
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Summary of the Sun’s Evolution: Step 8

Stellar Evolution
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Summary of the Sun’s Evolution: Step 9

Stellar Evolution
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Summary of the Sun’s Evolution: Step 10

Stellar Evolution
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EVOLUTION OF STARS
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Summary of massive Star’s Evolution: Step 1

Stellar Evolution
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Summary of massive Star’'s Evolution: Step 2
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Summary of massive Star's Evolution: Step 3
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Stellar Evolution



Evolution of Massive Stars

Massive main sequence stars evolve differently

The helium core of a massive star reaches @
temperature of 108K so helium can simply fuse into
Carbon.

So, unlike smaller stars, there is no Helium flash

- the star’s core makes a smooth tfransition from
burning Hydrogen into Helium, to burning Helium
iInto Carbon.

So a massive star does not become a giant star... if
becomes a supergiant instead.



Summary of massive Star’s Evolution: Step 4
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Stellar Evolution
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MASSIVE

MAIN SEQUEN

STAR

Nucleosynthesis

When a high-mass star runs out of helium in
its core, the core heats to 8 x 108 K

1

CE H burns to He allowing carbon to fuse
/G;:‘;,’,‘.’,’L“,;‘.’,‘,‘,‘,"“m into even heavier elements.
envelope
4
Degenerate Fe core
S, Si burning to Fe
HIGHLY EVOLVED O burning to S, Si
MASSIVE STAR

Ne burning to O, Mg
C burning to Na,
Ne, Mg

He burning to C

H burning to He
Nonburning
envelope

C burning to
Na, Ne, Mg

He burning to C
H burning to He
Nonburning
envelope




Summary of massive Star’s Evolution: Step §
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Mass Loss

Massivé main sequence stars
lose up to 10~ Mg per year

These are Wolf Rayet stars

Very massive stars
(>20 Mg) may

lose 20% of their
mMass while on th
main sequence,
& 50% over their

enftire life Eta Carinae

Is ~100 Mg but
looses 1 Mg every 1000 yrs



End of Fusion

Fusion sfops at iron, the most tightly bound

afomic nucleus, so no element heavier than iron is
fused within stars.

Hydrogen burning lasts for billions of years
Helium burning lasts for ~ 100,000 years
Carbon burning lasts for ~ 1000 years
Neon burning lasts for ~ 1 year

Oxygen burning lasts for ~ 6 months
Silicon burning in Iron lasts for days

Massive stars end their lives in a spectacular
Supernovae explosions



Stellar Evolution

Luminasity, L
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Supernova 1987A in the Large Magellanic Cloud

nearby galaxy, was visible to the naked eye in the
Southern Hemisphere.

Previous one was in 1604.




Spreading It around

Supernovae make heavier elements in
the violent explosion, and spread these
elements into interstellar space.

Supernovae are thus essential for life.

We are literally made up of the material
from exploding stars.



Summary of massive Star’s Evolytion: Step 7
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If the remaining core is less than 3 My it
becomes a neutron star.
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More masswe i

stars collapse info blockhoré‘s
(Dark star would be a much better namel!)
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All neutron stars
are pulsars when
they are first born,
spinning extremely
rapidly with strong
magnetic fields.

Pulsars only pulse
for the first TOM yrs
— 99% of neutron
stars are no longer
pulsars.

Also, we only see
them as pulsars if
the its beam
crosses over the
Earth while the
pulsar rotates.




Blaock dwarfs

Do not confuse black holes
with black dwarf stars.

Black dwarfs don't exist (yet)

Black holes are everywhere (where a
massive star has died)...

As white dwarfs cool, they could
(theoretically) cool until they emit no light —
a black dwart.

This could take 101525 years... (the current
age of the universe is 13.8x10? years).



Summaries!

What follows is a...

Summary of the Sun’s Evolution
&

Summary of the Evolution of
Massive stars



Main Sequence Evolution

Summary of the Sun'’s Evolution

| & 2. Gas cloud collapse and a star forms

3.
4,
S.

8.
9.

Star evolves on the Main Sequence
H is turned into He, until core is pure He (that's too cool to fuse)

H furns to He (and so heats) in the outer layers only
- So star expands to sub-giant then red-giant (Red Giant Branch)

Core temperature increases until Helium fuses into Be & C

This suddenly allows energy to be released, temperature
increases rapidly, causing rapid expansion - the He Flash

Core expands, so cools, fusion slows and outer layers shrink
Now He becomes C in core (Horizontal Branch star)
Slowly heats and expands again (Asymptotic Giant Branch)

This time, outer layers are blown away as Planetary Nebulo

10. Core shrinks and fades as a White Dwarf star



Summary of Massive star Evolution

* Massive stars “live fast & die young”

* They are responsible for making all elements
heavier than carbon, many of which are
essential for life

* Supernovae spread these heavy elements
throughout space - they will be
Incorporated into future generations of stars
and humans!

* The remnant cores are either neutron stars
(loelow about 3M_) or black holes (> 3M,)

Massive star Evolution

See also http://www.wimp.com/sizestar/



Massive star Evolution

Summary of Massive star Evolution

1 & 2. A gas cloud collapses and a star forms
3. His turned into He, until core is pure He

4. H turns fo He the outer layers, & the core
becomes hot enough for He 1o fuse info C
- The star expands intfo a pulsating variable star
5. It becomes a red supergiant star and then o
Wolf-Rayet star

Heavier elements are made as the core of the
star gets hot enough to do so

6. Fusion ends as it runs out of fuel - supernoval

/. Centre collapses to form either a neutron star
or black hole



The Evolution of




Force of gravity inward
balances centrifugal force outwards
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Velocity

Measured roftation curve

B

Expected
-~ o rotation curve
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Dark Maftter

The “flatness” of the observed rotation curves
implies that most of the mass (~25%) in a galaxy
Isin a “halo” surrounding the luminous material
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Since this matter is Radius (kpe)

not luminous it is known as dark matter
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\8 2dF Galaxy Redshift Survey o
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O Every single dot here is a galaxy
O

They cluster on huge scales — super clusters



Stationary H & He spectra

Distant galaxy (z=0.15)

Even more distant galaxy (z=0.4)

The spectral lines are, literally, shifted to the
red and so called... Red Shift
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There are 2 trillion (10'2) galaxies in the observable universe

Galaxy Survey - BOSS



The Dark stuff

Dark Matter

» Holds galaxies (and galaxy
clusters) together

Dark Energy

» Pushes galaxies apart

Think of galaxies as cities (of stars rather
than people!), galaxy clusters as countries
(a collection of cities), and the expanding
Universe like continental drift!



Outreach @ Sussex

Can plastic still be fantastic?

Dr. Jessica Wade

Department of Physics
and Centre for Plastic Electronics,
Imperial College London

Tuesday 12t February 2019, 7pm - 8pm
Fulton B Lecture Theatre,
University of Sussex

Plastics aren’t always bad news. From stretchable

screens to conductive thread and stick-on glucose

sensors, new materials are allowing scientists and

engineers to get creative with technology. At Imperial

College London we custom design plastics that have

the electronic properties we need for particular lB
devices. Our conductive plastics can be printed onto

flexible electrodes surfaces and used in television UNIVERSITY
displays, solar panels and for regenerative medicine. HEER
We will explore what these materials are, how they

work, and how they will change the world. IOP

ALL WELCOME - FREE - NO NEED TO BOOK Institute of Physics
Please contact us in advance if you have any access requirements

WWW.iop.org www.sussex.ac.uk/physics physicsoutreach@sussex.ac.uk

Tuesday’s
evening lecture

www.sussex.ac.uk/
physics/outreach/
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