Astronomy 150: Killer Skies
Lecture 23, March 14

Assignments:
HW7 due next time at start of class
Night Observing

report also due on or before Friday
Last time: Supernova Explosions
Today: When Stars Attack!

warning: this is a research topic for your instructor!
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Last Time: Supernova Explosions

Supernovae mark the rare and spectacular
deaths of massive stars
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Last Time: Supernova Explosuons

Supernovae mark the rare and spectacular
deaths of massive stars

Neutrino burst

carries away most of supernova energy invisibly!
supernovae are “neutrino bombs”

Electromagnetic outburst:
very luminous at all wavelengths
large output of UV, X-rays, gamma rays

Blast:

>90% of star’s mass ejected
fast: highest initial speeds up to 10% c

hot: millions of degrees, blackbody radiation is X-
ray

high T: also high pressure

carries all new heavy elements made during and
before supernova explosion

including some radioactive elements
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Supernova Threat

Supernovae are like tigers
beautiful and majestic from afar

dangerous if too close

but usually only a threat if you
seek them out and provoke
them

How is a supernova
explosion dangerous to life
on Earth or elsewhere?

blast impact

neutrino zap!

UV, X-ray, gamma ray exposure
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Supernova Blast Impact

Blast initially high-speed, high
pressure
plows into interstellar gas
sweeps up dense shell
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Supernova Blast Impact

Blast initially high-speed, high

pressure =
plows into interstellar gas 130
sweeps up dense shell

but also slows down
pressure drops with distance
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Supernova Blast Impact

Blast initially high-speed, high
pressure
plows into interstellar gas
sweeps up dense shell

but also slows down
pressure drops with distance
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simulated supernova blast
“big picture” view
circle drawn at 10 pc
red: low density
green: medium density
blue: high-density

Wednesday, March 14, 2012



Supernova Blast Impact

Blast initially high-speed, high
pressure
plows into interstellar gas
sweeps up dense shell

but also slows down
pressure drops with distance

So: if blast close enough

high pressure could strip Earth’s
atmosphere!

yikes!
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Supernova Blast Impact

Blast initially high-speed, high
pressure
plows into interstellar gas
sweeps up dense shell

but also slows down
pressure drops with distance

So: if blast close enough

high pressure could strip Earth’s

atmosphere!
yikes!
But it turns out:
if close enough to do this, other

effects will have killed us already

at realistic distances, pressure

similar to that of Solar wind today --

which does not strip our
atmosphere!
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Neutrino Menace?

Supernovae are neutrino factories
most energy released in neutrinos
neutrinos detected in SN 1987A even though it was not even in our Galaxy!
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lose energy by ionizing many many atoms in your body
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lose energy by ionizing many many atoms in your body

Bad news: this ionizing radiation is dangerous!
causes cell damage: if big enough dose, immediate death
also damages DNA: smaller dose can still cause mutations and cancer
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Neutrino Menace?

Supernovae are neutrino factories
most energy released in neutrinos
neutrinos detected in SN 1987A even though it was not even in our Galaxy!

The threat:
neutrinos collide with electrons and nuclei in your body
suddenly these charged particles have high speeds, high kinetic energies
lose energy by ionizing many many atoms in your body

Bad news: this ionizing radiation is dangerous!
causes cell damage: if big enough dose, immediate death
also damages DNA: smaller dose can still cause mutations and cancer

Good news: neutrinos only interact weakly
meaning that these ionizing events are rare and few
unless the supernova is really close, but then other problems are worse!

this is fortunate, because there is no way to shield against neutrinos
you can’t run, you can’t hide
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The Real Danger:
Supernovae produce lots of ionizing radiation

lonizing radiation

light or particles that have
enough energy to ionize atoms:
rip electrons away

Supernovae produce large W
amount of ionizing light

ultraviolet (UV), X-ray, gamma-
ray

Health hazard if exposed
directly

Supernovae also produce

particles
Most are protons

cosmic rays
Energetic, charged subatomic @ >

Travel at nearly the speed of
light

Wednesday, March 14, 2012



Cosmic Rays

Cosmic rays are high-energy particles
from space

constantly bombard the Earth
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Cosmic Rays,

Cosmic rays are high-energy particles
from space

constantly bombard the Earth
Discovered by measuring ionizing
radiation in a hot-air balloon

radiation increases as you go up!

must be coming from the cosmos!

Gieger counter experiment
about 10% of clicks are due to cosmic rays Victor Hess 1912

100 years ago!
Nobel Prize 1936

Wednesday, March 14, 2012



Cosmic Rays,

Cosmic rays are high-energy particles
from space

constantly bombard the Earth

Discovered by measuring ionizing
radiation in a hot-air balloon
radiation increases as you go up!
must be coming from the cosmos!
Gieger counter experiment
about 10% of clicks are due to cosmic rays Victor Hess 1912

Cosmic rays fill interplanetary and 100 years ago!
. Nobel Prize 1936
interstellar space | .

energy content about the same as all of
starlight!

revved up to high energies in supernova
explosions!

supernovae are “cosmic-ray factories”

SO cosmic rays intense and dangerous near
the explosion

Supernova 1006 _ ‘ - G188
visible light: blast
X-rays: cosmic-ray electrons
gamma rays: cosmic-ray protons

=y
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High-energy particles degrade solar panels.
They also penetrate circuitry and generate
spurious signals that can corrupt
data or even cause a satellite to
spiral out of control.

Cosmic ray
particles can
damage
satellites in
orbit

Electrons can collect on
satellites and cause static
electrical discharges that

physically damage the
circuitry (image above right).
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Radiation Hazard

High-energy

charged particles s g o tree radca
»

can damage DNA

Increases risk of
cancer

People at greatest radition
risk
Astronauts: Shuttle,

International Space
Station

Crew/Passengers in
high-flying jets

DAMAGE
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Electric grid overload

Supernova damage similar to solar
storms
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Electric grid overload

Supernova damage similar to solar
storms

Sudden ionization of upper atmosphere
leads to sudden spike of electric force
why?
electrons freed by ionization move in Earth’s
magnetic field

“in-synch” motion of electrons acts like huge

antenna, creating electromagnetic pulse
(EMP)

note: similar damage caused by (and
discovered in) high-altitude nuclear blasts
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Electric grid overload

Supernova damage similar to solar
storms

Sudden ionization of upper atmosphere
leads to sudden spike of electric force
why?
electrons freed by ionization move in Earth’s
magnetic field

“in-synch” motion of electrons acts like huge

antenna, creating electromagnetic pulse
(EMP)

note: similar damage caused by (and
discovered in) high-altitude nuclear blasts

pulse signal so strong that all electrical
electrical wires and equipment are
destroyed

“fried” by voltage spikes
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Electric grid overload

Supernova damage similar to solar
storms

Sudden ionization of upper atmosphere
leads to sudden spike of electric force
why?
electrons freed by ionization move in Earth’s
magnetic field

“in-synch” motion of electrons acts like huge

antenna, creating electromagnetic pulse
(EMP)

note: similar damage caused by (and
discovered in) high-altitude nuclear blasts

pulse signal so strong that all electrical
electrical wires and equipment are
destroyed

“fried” by voltage spikes

But this is just a sideshow...not the real
problem
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Gamma rays and cosmic rays from a £
supernova create nitric oxide

Air is mostly made of N2 and O

Gamma-rays and cosmic rays
convert N2 and Oz into NO
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Nitric oxide is a catalyst to destroy ozone!

Ozone: O3
molecule with 3 oxygen atoms
0-0-0
smell it if there is a spark or

electrical arc NO + 03 N02 & 02

unhealthy to breathe

but good at absorbing
ultraviolet light

N02+O —»NC)+O2

20

Net0+03 5
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Most Dangerous Effect:
Ozone Layer Depletion

ULTRAVIOLET
Life on Earth, as we know RADIATION
it, could not exist without
the ozone (O3) layer T
It shields us from ;

: .y 2 OZONE
ultraviolet (UV)radiation E  AYER

from the Sun, which is
damaging to life

Located ~30 km up in the
stratosphere

LIFE ON EARTH
e ——

~4— TROPOSPHERE




The Ozone “Hole”

Ozone (Dobson Units)
[ -
90 320 550

ecord area (26.6 million km~*)

0
1980 1985 1990 1995 2000 2005
Year

Man-made chemicals have been depleting
the ozone layer for decades

We know the dangers of ozone depletion!
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How much of the ozone layer
would a supernova destroy?

Supernova damage 90° -
depends on distance
Why?

Supernova apparent
brightness = flux drops
strongly with distance d

inverse square law: r =
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reduction of ozone layer
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As ozone
levels
decrease,
UV radiation
level at the
surface
increases!

« Toronto, Canada

» Garmisch, Germany
7 Thessaloniki, Greece
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Increased solar UV leads

Severe sunburn!




Melanoma: new cases and deaths by sex, NSV 1985 to 2004
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Damaging ultraviolet rays i
(UV-B) penetrate deep into
the ocean
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It has been estimated that a 16% ozone depletion
would result in a 5% loss in phytoplankton
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Phytoplankton are the base of the

marine food chain

Plankton eaten by larger
creatures

which are eaten by larger
creatures

kill plankton, and much of
marine life dies!

On land:

similar story with plants

Effe Ct Of S u pe rn ova : - Upwelling of Nutrients

disrupt food chain, cause _
starvation
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Phytoplankton are also a
major sink for atmospheric

Atmosphere 735 Gt

VL

100 Gt S Gt r 2 Gt
100 Gt 1l

Biological
pump

4 Gt

S




Too close for comfort?

Supernova explosion damage
depends on distance

if too close:
large ionizing radiation dose
catastrophic damage

(un)holy grail: connect supernova with
mass extinction

originally, supernova considered as source
of dino-killing KT extinction

if far away:
just beautiful, free cosmic fireworks

Minimum safe distance:

ozone destruction severe if supernova
is closer than about 8 pc = 25 light years
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Too close for comfort?

Supernova explosion damage
depends on distance

if too close:
large ionizing radiation dose
catastrophic damage

(un)holy grail: connect supernova with
mass extinction

originally, supernova considered as source
of dino-killing KT extinction

if far away:
just beautiful, free cosmic fireworks

Minimum safe distance:

ozone destruction severe if supernova
is closer than about 8 pc = 25 light years
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iIClicker Poll:
Supernova Threat Today

The minimum safe distance to a supernova
Is about 8 parsecs

Vote your conscience:

Are there any future supernovae (massive
stars) currently closer than this?

Hint: nearest star (alpha Cen) is at 1.3 pc

A. definitely yes. uh oh.
B. definitely no. whew!
C. no way to tell. gulp.




So is 8 parsecs close?

Supernova “kill radius” about 8 pc
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Supernova “kill radius” about 8 pc

Good news:
massive stars are the most luminous of all stars
easy to spot if nearby
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So is 8 parsecs close?

Supernova “kill radius” about 8 pc

Good news:

massive stars are the most luminous of all stars
easy to spot if nearby

before exploding, massive star is red supergiant

at 8 pc, star would be > 100 times brighter than
brightest star in sky today (Sirius)

and 6 times brighter than Venus (brightest planet)

you could see it during the day for > 100,000 years
before the explosion!
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So is 8 parsecs close?

Supernova “kill radius” about 8 pc

Good news:
massive stars are the most luminous of all stars
easy to spot if nearby

before exploding, massive star is red supergiant e

at 8 pc, star would be > 100 times brighter than
brightest star in sky today (Sirius) ——

and 6 times brighter than Venus (brightest planet)

you could see it during the day for > 100,000 years —
before the explosion! =S s

But we know our local neighborhood well B s,
there is no such star in the sky now h
no supernova threat at present! sleep easy tonight! e

Lacade 8760
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So is 8 parsecs close?

Supernova “kill radius” about 8 pc

Good news:
massive stars are the most luminous of all stars
easy to spot if nearby

before exploding, massive star is red supergiant o

at 8 pc, star would be > 100 times brighter than
brightest star in sky today (Sirius)

and 6 times brighter than Venus (brightest planet)

you could see it during the day for > 100,000 years | |
before the explosion! s S

But we know our local neighborhood well e L
there is no such star in the sky now -
no supernova threat at present! sleep easy tonight!

On the other hand:

many stars have been born throughout our Galaxy over
its > 10 billion year history

including massive stars

it is overwhelmingly likely that one or more supernovae
has exploded within 8 pc over the lifespan of the Earth

in the past (and future) threat is real!
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?

How would we know
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‘o The Smoking Gun: - B
v, 2Supernova Debris on the Earth

Ellis, BDF, & Schramm 1996 John Ellis
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The Smoking Gun:
/ﬂ iSuu:)ernova Debris on the Earth

Da\;i‘d Schramm E"iS’ BDF’ & SChramm 1996 John Ellis

Explosion launched at ~few% c
Slows as plows thru interstellar matter

Chand

Wednesday, March 14, 2012



The Smoking Gun: F
'/ﬂ iSuu:)emova Debris on the Earth

David Schramm E"iS’ BDF’ & SChramm 1996 John Ellis

Explosion launched at ~few% c
Slows as plows thru interstellar matter

Earth “shielded” by solar wind

- -
Q
-

2006,/09/02 16:48
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The Smoking Gun:
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David Schramm Ellis, BDF, & Schramm 1996

Explosion launched at ~few% c
Slows as plows thru interstellar matter

Earth “shielded” by solar wind

-
If blast close enough: - Q
-

2006,/09/02 16:48
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The Smoking Gun:
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David Schramm Ellis, BDF, & Schramm 1996

Explosion launched at ~few% c
Slows as plows thru interstellar matter

Earth “shielded” by solar wind

If blast close enough:
overwhelms solar wind
SN material dumped on Earth
Accumulates in natural “archives”
sea sediments, ice cores

- -
Q
-

2006,/09/02 16:48
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The Smoking Gun: F:
Supernova Debris on the Earth
Ellis, BDF, & Schramm 1996 ot Ellis

4 7
¥ / -
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David Schramm

Explosion launched at ~few% c
Slows as plows thru interstellar matter

Earth “shielded” by solar wind

If blast close enough:
overwhelms solar wind
SN material dumped on Earth
Accumulates in natural “archives”
sea sediments, ice cores

- -
Q
-

2006,/09/02 16:48

Q: How would we know?

Wednesday, March 14, 2012



4 7
¥ / -
" ;,"7 4 ﬂ

Explosion launched at ~few% c
Slows as plows thru interstellar matter

Earth “shielded” by solar wind

If blast close enough:
overwhelms solar wind
SN material dumped on Earth
Accumulates in natural “archives”
sea sediments, ice cores

Q: How would we know?

Need observable SN “fingerprint”
I:> look for newly created elements!

The Smoking Gun: F
Supernova Debris on the Earth
David Schramm Ellis, BDF, & Schramm 1996

- -
Q
-

2006,/09/02 16:48
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Explosion launched at ~few% c
Slows as plows thru interstellar matter

Earth “shielded” by solar wind

If blast close enough:
overwhelms solar wind
SN material dumped on Earth
Accumulates in natural “archives”
sea sediments, ice cores

Q: How would we know?

Need observable SN “fingerprint”
I:> look for newly created elements!

X Stable elements: don’t know came from SN

The Smoking Gun:
'Supernova Debris on the Earth
David Schramm Ellis, BDF, & Schramm 1996

2 >
Q
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2006,/09/02 16:48
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The Smoking Gun:
Supernova Debris on the Earth
Ellis, BDF, & Schramm 1996 ot Ellis

7
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David Schramm

Explosion launched at ~few% c
Slows as plows thru interstellar matter

Earth “shielded” by solar wind

If blast close enough:
overwhelms solar wind
SN material dumped on Earth
Accumulates in natural “archives”
sea sediments, ice cores

2 >
Q
=\

2006,/09/02 16:48

Q: How would we know?

Need observable SN “fingerprint”

I:> look for newly created elements!
X Stable elements: don’t know came from SN

v" Live radioactive elements, with half-lives << age of Earth
Will decay after a few half-lives
No leftovers today if any on early Earth Chand
If found, must come from SN!
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Themis Athanassiadou

BDF, Athanassiadou, & Johnson 2006
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BDF, Athanassiadou, & Johnson 2006

Themis Athanassiadou

1.3

z (AU)
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time = 0.000 ps

number of blocks =
AMR levels = 7o)
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Themis Athanassiadou

Sun

1AU =
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Earth’s orbit

BDF, Athanassiadou, & Johnson 2006

1.3
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a4 a3 4.7

= 0.000 ps

iber of blocks =

D levels =
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The Smoking Gun:
Deep Ocean Crust

1999: German scientist study rock from
bottom of Pacific Ocean

formed by slowly growing layers, mostly
made of iron and manganese

layers like tree rings: deeper = older
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bottom of Pacific Ocean

formed by slowly growing layers, mostly
made of iron and manganese

layers like tree rings: deeper = older

study with nuclear accelerator:
finds “needles in haystacks”
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The Smoking Gun:
Deep Ocean Crust

1999: German scientist study rock from
bottom of Pacific Ocean

formed by slowly growing layers, mostly
made of iron and manganese

layers like tree rings: deeper = older

1 .I'ﬂ

study with nuclear accelerator:
finds “needles in haystacks”

result: live undecayed radioactive iron!
60Fe, half-life 2 million years!
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layers like tree rings: deeper = older

study with nuclear accelerator: |
finds “needles in haystacks” b

result: live undecayed radioactive iron! e e, o
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Expect: one radioactive layer
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finds “needles in haystacks”

result: live undecayed radioactive iron!
60Fe, half-life 2 million years!

Expect: one radioactive layer

1999: ¢OFe in multiple layers!?

detectable signal exists
but first sample not well layered
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60Fe Confirmation
Knie et al (2004)

Advances

New crust from new site
Better geometry (planar)
better time resolution
10Be :> radioactive timescale
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60Fe Confirmation
Knie et al (2004)

Advances
New crust from new site
Better geometry (planar)

better time resolution Sl
10Be C> radioactive timescale
e
o 2x10"° -
Isolated Signal = +
L?_) -
3

1x107° 1
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60Fe Confirmation
Knie et al (2004)

Advances

New crust from new site
Better geometry (planar)
better time resolution
10Be C> radioactive timescale

3x107° -

2x107"° -

Isolated Signal

“Fe /| Fe

1x107° 1
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60Fe Confirmation
Knie et al (2004)

Advances

New crust from new site
Better geometry (planar)
better time resolution
10Be C> radioactive timescale

Isolated Signal

‘l‘ =2.84+04 Myr|

3x107° -

2x107"° -

“Fe /| Fe

1x107° 1

Woo hoo!
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60Fe Confirmation
Knie et al (2004)

Advances
New crust from new site

Better geometry (planar)

better time resolution Gl
10Be :> radioactive timescale - Woo hoo!
o 2x10"° - =
Isolated Signal =
L
3

\t:ZTS::(')A Myr| 0 L -

.’. —
A Landmark Result | 1-¢- . o4 _ T | e _ :
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How far away was it?

Live radioactive iron tells us about the
nearby supernova

When?

iron not decayed: had to be within last few
million years (half-life)

from layering of rock: 2-3 million years ago §

Where?

amount of iron (humber of atoms) set by
amount made in supernova but also
distance to supernova

farther away, iron more spread out, less for
us

in fact, it’s an inverse square law!

So from measured iron, can infer distance
result: SN between 20 to 100 pc away
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Aftermath: The Local Bubble?

The Sun lives in region of

hot, rarefied gas ... _
The Local Bubble ot ™ (@)
hot cavity ~50 pc=— huge e

Plasma

seen via foreground ?Pecometr
absorption in nearby starlight

Nearby SN needed

we live inside SN remains

bubble models require >>1 SN
in paSt 10 ler' Smith & Cox 01

60Fe event from nearest
massive star cluster? c..i.ciao0

The Local Bubble
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Lunar Soil
consistency check for deep-ocean signal

if supernova can put debris on Earth, should
also put debris on Moon (and elsewhere in
solar system)

but: have to worry about radioactivity created
by cosmic ray bombardment of lunar surface
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Other Signals?

(Lunar Soil )
consistency check for deep-ocean signal

if supernova can put debris on Earth, should
also put debris on Moon (and elsewhere in
solar system)

but: have to worry about radioactivity created
by cosmic ray bombardment of lunar surface -

Cook et al 2010
%0Fe excess in top layer of lunar drill core!

Alan Bea polllo‘.
12 (1969)
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A Near Miss?

d > dkill ~10 pcht
barely: "near miss"”

(, cosmic ray winter?
, bump in extinctions?

If true:

Image: Mark Garlick

pOSS | ble effeCtS on www.markgarlick.com

prehistoric environment
and maybe human
evolution?
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