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278 Possible pathway of
solar influence on climate change
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Possible mechanisms
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UNCHARGED AEROSOL PARTICLES CHARGED AEROSOL PARTICLES
FLOW AROUND DROPLET CROSS STREAMLIh.Ill:Z§

Figure 5.3. (a) Schematic of aerosol flow around a falling
droplet in the absence of electrical forces. (b) Schematic of effect
of electrical forces in moving aerosol particles across streamlines.

Tinsley 1996
Tinsley & Yu 2006

Kirkby, Nature, 2011
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Figure 2 | Plots of nucleation rate against negative ion concentration.
Nucleation rates as a function of negative ion concentration at 292K and
[H2S04] = 45X 10°em ™ (purple line), and at 278 K and

[HSO4] = 15X 10%¢m ™3 (green line). Triangles, Jop; filled circles, Jgr; open
circles, J,. All measurements were made at 38% relative humidity and 35 p.p.t.v.
NH;. Neutral nucleation rates, J,,, were effectively measured at zero ion pair
concentration (ion or charged-cluster lifetime <1 s). The curves are fits of the
form J = j, + k[ion™}?, where jy, k and p are free parameters. The error bars
indicate only the point-to-point 1g errors; the nucleation rates and ion
concentrations each have estimated overall scale uncertainties of *30%.



Eleven-year variation in solar related parameters
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Solar modulation of Galactic Cosmic Rays (GCRs)
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Large scale structure of Heliospheric magnetic field
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Cosmic ray variation & Solar magnetic polarity
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Important parameters for solar modulation
- solar dipole magnetic polarity
- tilt angle of heliospheric current sheet




Variable “22-year” variation of cosmic rays Miyahara et al., 2009
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Production of cosmogenic nuclides: 14C and °Be

Galactic cosmic rays : :
y 14C anomaly in tree rings
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Accelerator Mass Spectrometer
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Reconstructed solar decadal cycles in the past

Maunder Minimum
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Cosmic-ray “22-year (28-year)” variation at the Maunder Minimum

Miyahara et al., IAU proc., 2009, Yamaguchi et al., PNAS, 2010
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* Periodic cosmic ray enhancements, only for negative polarity (~28-year period)
= 1-year scale enhancement, 30-50% higher than the peak for positive polarity

= Significant manifestation of drift effect of cosmic rays in the heliosphere




Pattern of cosmic ray variation at the Maunder Minimum and present  Miyahara et al.,2009
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What 14C and °Be suggests for the Maunder Minimum

Solar Cycle length : ~14 years

Magnetic polarity reversal : YES (~28-year period)
Onset : two preceding 12-13 year cycles

Cosmic ray variations : Strong 22-year component
Heliospheric current sheet : More flattened

Fig. 2 The structure of a sunspot minimum solar corona
drawn from eclipse photographs!! (June 30, 1954) obtained in
Kozeletsk.

Any impact on climate?
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Climate response to cosmic-ray spikes during the Maunder Minimum
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Superposition of four 1-year spikes for 1*C (GCR) and 80 (climate)
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Yamaguchi, Yokoyama,
Miyahara et al., PNAS, 2010
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