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Cosmic Rays and Climate
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COSMIC RAYS

Variations in Cosmic Ray Flux Affects Earths Climate,
and Cause Variations in Climate.

Examples with
Solar Modulated Cosmic rays



Our Milky Way is a Spiral galaxy





Star formation from a cloud of gas of hydrogen
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Super Nova explosions happens for heavy stars (> 8M,,,)





What are Cosmic Rays?
Heliosphere, Cosmic Rays and Solar Activity

Cosmic rays (high energy)

Solar system

% Helig

Cosmic rays (low energy)




Cosmic ray shower (Movie)

About 70 muons/s /m2 at the Earths surface
In 24 hours about 12 million muons goes through a human body




How can STARS influence Climate?

INFRARED COMPOSITE FROM 21 MAR BF AT Z1:00 UTC (SSEC:UW-MADISCON?
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Net effect of clouds is to cool the Earth by about 30 W/m?




Link between Low Cloud Cover and Galactic Cosmic Rays?

ISCCP IR Low cloud data____
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Calibration?

t“’l 4)'(

=
=
-
=
=
-
=

1985 1990 1995 2000 2005
Year

© |
O

S
Cosmic Ray (%)

120

Svensmark & Friis-Christensen, JASTP 1997, Svensmark, PRL 1998, Marsh & Svensmark, PRL, 2000. (update 2005)




Cosmic rays and climate over the last 10.000 years

Bond et al, Science 294, 2001
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Strong coherence between solar variability and the monsoon in Oman
between 9 and 6 kyr ago

The formation of
stalagmites in northern
Oman has recorded
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Cosmic rays and climate over the last millennium
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Cosmic ray flux change (%)

Change in Cosmic ray flux through 300 years Clouds must
respond to the
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Cosmic Rays and 1960 -2008 tropospheric temperatures

Average temperature
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Empirical evidence for a relation bet
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If the link Is between cosmic rays and clouds,
what would the mechanism be?



Aerosol formation and growth

Possible link between clouds and cosmic rays
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Nucleation process
has been a mystery




Cosmic Ray lonization &
Aerosol formation and growth
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What is the importance of
IONS ?



Atmospheric conditions!  Electric system :
¥ (lon density control) SKY eXperI ment

2002 - 2006

UV system
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Trace Gas
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Experimental conditions

Fixed:

- - -




Aerosol Total >3nm, N (cm™)

Steady state experiment
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Copenhagen — SKY experiment




Evidence for the role of ions in Aerosol Nucleation
Martin B. Enghoff,1 Jens Olaf Pepke Pedersen,1 Torsten Bondo,1
Matthew S. Johnson,2 Sean Paling,3 and Henrik Svensmark
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Boulby Underground ¢

Laboratory
November 2008-
Above Januar 2009
Shielding the
In the mine (-1.1 km) experiment
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Starformation, Super Novae and Cosmic Rays

The Milky Way, Super Novae and Cosmic Rays

Nucleus

Central bulge

Jaseous disk

Stellar disk




Cosmic rays and spiral arm crossing
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Estimated Cosmic Ray Flux

Million of Years

Shaviv, PRL (2002)



Shaviv & Veizer

25SNOY10H

9SNOY10H

°25SNOYl0H

oSNOYJ10H

Xn|} AeJ D1LUSOD Al ER|DY

< 1 = LN
o o — —

(‘Bap) Alewoue ainjeiadwal xepns eag

00

1

200

300

400

500

Svensmark A&G 2007

time (million years BP)



CO, as a primary driver of
Phanerozoic climate
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What about longer time scales, 1.e over
the history of the Earth 4.6 Billion years?

Although Cosmic ray fluxes are not known so far back
In time, they can be constructed from knowledge of
1. Solar Evolution

2. History of Star Formation Rate in the Milky Way



Starformation, Super Novae and Cosmic Rays

Solar Evolution, Star Rate Formation and Cosmic Rays

Svensmark, Astronomical Notes 2006



Interaction between galaxies
z1 20.7

Gos




Starformation, Super Novae and Cosmic Rays

Cosmic Rays and the Biosphere in 4 Billion Years
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Snowball Earth

Hofman and Schrag point to glaciomarine dropstone



Starformation, Super Novae and Cosmic Rays

Cosmic Rays and the Biosphere in 4 Billion Years
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Conclusior
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Understanding the cosmic ray climate link could have Iargé
implications in our understanding of climate changes and
possible evolution on Earth.

The evolution of the Milky Way and the Earth is linked
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Scientists agree that over the last century the Earth
has become warmer. But do we really know why this
has happened?

A deftly written and enjoyable read, The Chilling Stars outlines a
brilliant, daring and undoubtedly controversial new theory that
will provoke fresh thinking about global warming.

As prize-winning science writer Nigel Galder and climate
physicist Henrik Svensmark explain, an interplay of the clouds,
the Sun and cosmic rays — sub-atomic particles from exploded
stars — seems to have more effect on the climate than man-made
carbon dioxide.

This conclusion stems from Svensmark’s research at the Danish
National Space Center which has recently shown that cosmic
rays play an unsuspected role in making our everyday clouds.
And during the last 100 years cosmic rays became scarcer
because unusually vigorous action by the Sun batted many of
them away. Fewer cosmic rays meant fewer clouds and a
warmer world.

The theory, simply put here but explained in fascinating detail in
the book, emerges at a time of intense public and political
debate about climate change. Mofivated only by their concern
that science must be trustworthy, Svensmark and Calder invite
their readers to put aside their preconceptions about man-made
global warming and look afresh at the role of Nature in this
hottest of world issues.

lcon Books UK £0.99
Canada $20.00
www.iconbooks.co.uk

Earth image courtesy of NASA,
background courtesy of Pekka
Parviainen / Science Photo Library
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