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Cloud CondensatiorNuclei

Aerosols
Cloud Condensation Nuclei

0)0
How are clouds formed?
- Every cloud droplet needs a >
seed particle (aerosol particle)

0X0
I .' 3 A no aerosols = no clouds il
Water Molecules g -
I (0.0001 microm) ~ * https://Mww. .com/watch?v=mvBdSQin87 By

https:// www.noaa.govjetstream/clouds/how-clouds-form

https:// www.noaa.govjetstream/clouds/how-clouds-form


https://www.youtube.com/watch?v=mvBdSOjn87Q
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Cloud CondensatiorNuclei

Every cloud droplet needs
a seed particle (aerosol
particle)!

The amount of CCN
within a cloud can change
Its properties!

A m 0 re C C N T b rig h te r https:// earthobservatory.nasa.govfeatures/Aerosols/page4.php
cloud
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How to measure human
contribution to climate
change?

Global radiation balance

Effective radiative
forcing

How much has memade
change of each of these
climate agents contributed
to global warming or
cooling.

Change in effective radiative forcing from 1750 to 2019

Carbon dioxide

Other well-mixed
greenhouse gases

Ozone

Stratospheric
water vapour

Albedo Land use

Light absorbing particles on
snow and ice

Contrails & aviation-
induced cirrus

B GYe Aerosol-cloud Aerosol-radiation

Solar +
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Effective radiative forcing (W m‘z)
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Change 2021: The Physical Science Basis. Contribution of Working Group | to the Sixth Assessment
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Aerosols and air pollution

The WHO guidelines state thahnual average concentrations of PMshould not exceed 5 pg/fmwhile 24hour
average exposures should not exceed 15 pgimore than 3- 4 days per year.
A recent smog event in Delhi (Nov. 2024) M 500ug/m?

Resporatory
Deposition
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Cloud CondensatiorNuclei

Cloud Condensation Nuclel
A aerosol particles

Aerosol:

A stable suspension system of solid
or liquid particles in a carrier gas
(air)

A can have various sources
(primary/secondary)
(natural/anthropogenic)

A primary aerosol A
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New ParticleFormation = Cloud CondensatiorNuclei

New Particle Formation
(nucleation) depends on
multiple factors:

A Chemical composition and

precursor gas concentration

A Temperature
A lonisation

on induced nucleation:
A Cosmic rays create ions in

atmosphere
A Presence of ions tends to

stabilise aerosol clusters
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New ParticleFormation = Cloud CondensatiorNuclei

Aerosol particles:

A secondary volatile precursor low volatility
aerosol A New vapours vapours
Particle -
: g
Formation m S0, H,S50,
A volatile
recursore vapors I oxidation in the HIO e A aerosol
P SC P j 2 atmosphere 3 growth particles
are oxmjlsed to (05, OH:)
bt qRETL ! LIJECG’YaI b H
biogenic HOM
A precursors can A vapours Highly-oxygenated
have natural and Organic Molecules

anthropogenic
origin



The CLOUD experiment at CERN

Cosmics LeavingOUtdoor
Droplets
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precision
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regulator
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UV spectrometer

airH20 E‘
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system | trace gases

studying the influence of
cosmic rays on aerosol,
clouds and climate

CLOUD recreates true atmospheric
conditions

Contaminants < p.p.tv

Synthetic air created from liquid N and O,
Stable temperature control from-65°C to
+100°C

Multiple light sources at different
wavelengths

3.5 GeV/c pion beam simulating cosmic rays
HV field cage to remove all ions

Up to 40 stateof-the-art analysing
instruments

Observing new particle formation in reaf’time
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The CLOUD gas system
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The CLOUD gas system
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lonisation rate

OW] éor LW €WHII
30 kV electric field
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Sampling probes
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FLow TUbe System (FLOTUS)

(analysing instruments)

quartz flow
tube system

FLOTUS

(UV system )

55 trace gases
air'Hz0/03
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precision
thermo-
regulator
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FLow TUbe System (FLOTUS)

Picture: Maximilien Brice, CERN

Pictures: Jasper Kikb
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FLow TUbe System (FLOTUS)
- making clouds
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CHARGE?2

241Am source and
holder

CHARGE2

HV enclosure HV enclosure
chamber mount

Capillary and ring
electrode

Inner tube
(241Am shutter)

mounting flange Z-manipulator

Syringe pump

Capillary
Z-manipulator
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Results of the CLOUD experiment
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Kirkby, J., & Collaboration, C. L. O. U. D. (2013, May). Atmospheric nucleation and growth in the CLOUD experiment at CERN.

In AIP Conference Proceedings (Vol. 1527, No. 1, pp. 278-286). American Institute of Physics.

Monitoring:

- Chamber conditions
- Gas phase chemistry
- Aerosol particles

Important quantity:
Jrate A rate at which
aerosol particles with
a diameter of 1.7 nm
appear

Ji[em=s]
crlcm™s]

‘JBeam [Cm A S_l]
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Measuring particle/cluster size and time
evolution

Aerosol size ranges

To get a full picture we need to monitor
- small (ion) clusters t -
- charged/neutral aerosol particles
- cloud droplets

- precursor gases

1nm 10nm 100 nm 1um

- nucleating vapours

50 5
- oxidising agents (OH, 03...) = S
- aerosol/cluster chemical £ AN

composition S GBI ,
- humidity £ o

i ©

- chamber conditions (temperature, & 5 | | HI |

light spectrum/intensity, air/trace Ill

gas flows...)

Dada, Lubna, et al. "Role of sesquiterpenes in biogenic new particle formation." Science advances 9.36 (2023): eadi5297.



SMP3 Scanning
Mobility Particle Sizer == .
Heal Exchanger )

To get a full picture we need to monitor — [ et

- small (ion) clusters 1 o

- charged/neutral aerosol particles LTy R ?

- cloud droplets e o gy (!

- precursor gases j:I | |

- nucleating vapours

rl"..colll fing Lens | .
\ .

- oxidising agents (OH, O3...) "

- aerosol/cluster chemical |
composition X |

- humidity - SN (N

- chamber conditions (temperature, omespan ]__
light spectrum/intensity, air/trace memonee . .I-I_[}f ——
gas flows...) amssmnur 1 g | St

CPC



CIMST chemical ionisation mass spectrometer

Reagent lon
To get a full picture we need to monitor rrecuser I e b e
- small (ion) clusters 210 Pump Pump Pump Pump Pump
- charged/neutral aerosol particles H ﬁ ) {_\p _ﬂ ﬁ*
- cloud droplets wave_ |} —LHU r mmEE _Extrjilcto_r_ MCP Detector
- pl’eCUFS.OI‘ gases In ' 0 1 OO0 O D"‘ M ===3= |
- nucleating vapours
- oxidising agents (OH, 03...) S 54 s
- aerosol/cluster chemical
composition
- humidity ‘
- chamber conditions (temperature, sl
light spectrum/intensity, air/trace
gas flows...)

Bertram, T. H., et al. "A field-deployable, chemical ionization time-of-flight mass spectrometer." Atmospheric
Measurement Techniques 4.7 (2011): 1471.
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The CLOUD collaboration
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The CLOUD experlment at CERN
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The CLOUD control room
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The CLOUD control room
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