Cosmic rays, climate and the
CERN CLOUD experiment
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Temperature anomaly (°C)

A brief history of Earth’s climate

Shavw &Velzer GSA Today, 2003
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Anthropogenic

Natural

Climate radiative forcings in Industrial Age (IPCC 2007)

Radiative Forcings, 1750--2006 (IPCC, 2Feb07)
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(but poorly understood)

— ® s there an unaccounted forcing
from solar variability?
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Pre-industrial climate change
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Climate during the last 10,000 yr

Bond et al, Science 294, 2001 Iceberg
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Solar-cosmic ray-climate mechanism
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Atmospheric aerosols and clouds
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Atmospheric aerosol nucleation (gas-to-particle conversion)
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CERN CLOUD experiment

® Key features:
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The CERN CLOUD experlment
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® 30 sampling instruments
are currently attached
to CLOUD, including
9 state-of-art mass
spectrometers for
unprecedented ion and j
molecular information
on aerosol particle
nucleation and growth:
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Inside the CLOUD chamber




Atmospheric aerosol formation from trace gases
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Nucleation rates
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doi:10.1038/nature10343
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CLOUD H>SO4 binary nucleation
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® Nominally “pure” binary HSO4-
H,O nucleation (but few ppt
NH3 contaminant is present)

® Significant GCR/ion enhancement
(factor 2-10)

® Binary nucleation can only take
place under coldest conditions
(FT or polar)



CLOUD vs. atmospheric observations: NH3+H;SO4
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CLOUD: nucleation rate vs [ion-]
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Implications of first CLOUD results for lower atmosphere

® Poorly-known organic vapours are participating with sulphuric acid to
form aerosol particles in the lower atmosphere

@
® |[mportant to identify these vapours: i,y«

» If mainly anthropogenic:

nucleation
4+ New climate forcing from (gas-to-particle conversion)
human activities?
blogenlc
mdustry organic
. . . vapours
» If mainly biogenic:

p livestock

. autos
+ New negative feedback of o
biosphere to reduce

temperatures!?

18



Molecular composition of
nucleating clusters
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Mass defect (amu)

Binary nucleation mechanism (+ contaminants)
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Mass defect (amu)
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Clouds in CLOUD
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Candidate GCR-cloud mechanism no.2
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Summary

Aerosols & clouds represent the largest uncertainty in anthropogenic
climate change

Natural climate change / solar-climate variability on the century time scale is
comparable to the present warming. The physical mechanism is unknown but
could involve an influence of cosmic rays on clouds

CLOUD is the world’s leading laboratory experiment to quantify the
fundamental processes underlying both these questions

First CLOUD results:

» Cosmic rays enhance formation of H2504 and NH3-H>SO4 particles in
the upper atmosphere

» But we know even less than we thought we did:

4+ Sulphuric acid and ammonia vapours are insufficient (by up to a factor
1000) to account for atmospheric aerosol formation
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