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Understanding the cosmic ray climate link using
experimental and empirical evidence

.. The Cosmoclimatological Hypothesis
— Cosmic rays
—  Presentation of the hypothesis

—  The microphysical mechanism, theoretically
and experimentally

.. Starformation and Supernova
— Influence on life









Cosmic rays

Temperatures over the last 1000 years

—— o
05 emperatures ~— Moberg et al, 2005
— Huang et at”2008
(@) — Morige’et al. 2011
2 Medieval Warw Period n & Jones 2003
1
§ 0.0 s ittle Ice Age
=
£ PENS
o
g
< -0.5
=
<
-1.0

800 1000 1200 1400 1600 1800 2000

|
|
|

g B= g = =
+ E = E -
>/\ -2 5 e et 5 5 0.5 g
x —_ ©) o 2 ] =
= S = s
S X
O S 0§ 0.0 2
| - — . .
ke < Solar activity =
o 2 2
%) A''C 0.5 C‘,:Q
- —— A"Be (Delaygue & Bard 2011) —
4 s ABe (Beer et al. 1994) <
——l e e e e e e L e e e e e e e e 1.0

800 1000 1200 1400 1600 1800 2000
Year



2019-11-01 00:00:00 UTC www.digital-typhoon.org

Himawari-8 [RGB] NII/NICT



Link between Low Cloud Cover and Galactic Cosmic Rays?

Solar cycle variation
ISCCP IR Low cloud data
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Aerosols and microphysics of clouds
Satellite observations of ship tracks
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Experimental challenges
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So experimentally there is good evidence for the
generation of ultrafine aerosols by ions ~ 1-3 nm

* An important remaining question:

Will the small aerosols grow to Cloud
Condensation Nuclei (~ 50 nm) ?

Nucleation
If not no impact on clouds.
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Top View
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AERONET, SSM/I, MODIS and ISCCP data for
5 strongest Forbush decreases

Aerosols Clouds
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CERES instrument: The effect on the energy balance

Shortwave
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Experiments and observations suggest that
marncnle grow to Cloud Condensation Nuclei

v

Cosmic rays also
h accelerate the growth

1-2 nm stable
aerosols

Enhanced
interactions

Coulomb forces
Mirror forces

Van der Waals forces
Viscous forces
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Low Liquid clouds over the oceans are more sensitive to small aerosols

Svensmark, H., Enghoff, M. B., Svensmark, J., Thaler, I., & Shaviv, N. J. (2024).
Supersaturation and critical size of cloud condensation nuclei in marine stratus clouds.
Geophysical Research Letters, 51, e2024GL108140
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Cosmic rays have been
present in Earth’s
atmosphere at all times,
i.e., over billion of years

With consequenses for climate
and life in general
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SN activity and glaciations during the last 500 Myr
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Proxy temperature and supernova activity during 200 Myr

SN(t)/SN(0)

N I L e N L
1.4F K Pg

Ng_

-4

(Glaciation of Antarctica

B

COLD

| | |
(-

1.0F E
i —
_0 a
0.8 o DT ~ 10 oC
%
- o,
0.6
0al -, WARM
[ R T N R R I S T TR E T T N
200 -150 100 -50 0
Time [Myr]

Svensmark, Mon. Not. R. Astron. Soc., 423, 1234-1253 (2012)



Biological Pump

Solar energy Windblown and river runoff nutrient




Sedimentary mountains (Grand Canyon)

One can estimate the fraction of organic material buried as sediments




SN(t)/SN(0)

Organic burial in sediments and

supernova activity
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Galactic cosmic rays and burial of organic matter
during the history of Earth
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Galactic cosmic rays and burial of organic matter
The source of oxygen

Archean Proterozoic erozoic
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Sagittarius dwartf galaxy
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Supernovae and macroevolution

Ammonites Trilobites Dickinsonia
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Supernovae and macroevolution
Diversity curves
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Most marine life is on the continental shelf’s
Diversity oc Area

Glacial

Main depositional environments

Alluvial

Continental margin
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Supernovae and macroevolution
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Is the theory dead again?

e .l

It is probably true
. but CO, is much easier to sell.




Conclusions

Variations in cosmic rays are associated with changes in Earth's
climate. Strong empirical evidence on all time scales

Evidence suggests that clouds link to cosmic ray variations
Solar activity affects the climate (days to 10.000 years)
Supernova activity affects climate (million of years)
Burial of organic matter follows variations in supernovae history.

Which is the source of oxygen and therefore fundamental for the
evolution of complex life
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