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Solar modulation of Galactic Cosmic Rays (GCRs)
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Solar modulation of cosmic rays & Drift effect
Heliosphere

Jokipii&Kota 2007
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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

eliosphere

Jokipii&Kota 2007



Variable “22-year” variation of cosmic rays Miyahara et al.,2009
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Production of cosmogenic nuclides: 1*C and Be

Galactic cosmic rays

14C anomaly in tree rings
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Cosmic-ray “22-year (28-year)” variation at the Maunder Minimum

Solar cycle
Filtered 4C

Tree ring: No dating error

Cosmic rays

1OBe
Ice core:

a few years of dating errors

/

14C (inverted)

10Be flux

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



Pattern of cosmic ray variation at the Maunder Minimum and present  Miyahara et al.,2009
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What 14C and 1°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

AD1954 case: stronger polar field
Maunder Min: weaker equatorial field
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Fig. 2 The structure of a sunspot minimum solar corona
drawn from eclipse photographs!! (June 30, 1954) obtained in
Kozeletsk.

Any impact on climate? : GCR spikes can be the tracer



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 180 (climate)
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Takahashi et al., ACP, 2010
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Dynamic cloud activity at equatorial region (Madden-Julian Oscillation) has 30-60 day periodicity.
Intrinsic period (30-50 day period) is modulated to be 27-day and 54-day periods at solar max
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Solar differential rotation

Differential Rotation Butterfly diagram
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Sunspot number

I
o O

]

GCR count
(percent)

I I
W N
o O

o

(<80 days)
&

GCR anomaly(percent)

1501
100

(&)
o
I

A<O

A>0

A<O

200 —

1985

1990 1995 2000

]

ml

—_
(o)
(0 0)
o

1985

1990 1995 2000

=

u

1980

1985

1990 1995 2000
Year AD

2005

& short-term variability

Larger at 11-year max



(X KXERMSITHIFRWL-LELT)



FEBICHETZAMNESHNTLNBDH
DMIELS 1% DR

/

UNCHARGED AEROSOL PARTICLES CHARGED AEROSOL PARTICLES
FLOW AROUND DROPLET CROSS STREAMLIN §§

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 & Yu 2006

Kirkby, Nature, 2011
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Figure 5 | Nucleation rate comparison. Comparison of CLOUD data with
measurements of the nucleation rate of new particles as a function of [H,804]
in the atmospheric boundary layer (pale filled circles®*** and pale open circles™)
and with recent laboratory experiments at room temperature (grey' and
orange™ lines). The CLOUD data (large, darker symbols and lines) show the
galactic cosmic ray nucleation rates, Jger measured at 248 K (blue), 278 K
(green) and 292 K (red) and at NH; mixing ratios of <Z35 p.p.t.v. (open green
and red cirdes), <<50 p.p.t.v. (open blue circles), 150 p.p.t.v. (filled blue and
green circles) and 190 p.p.t.v. (filled red circles). The bars indicate 1o total
errors, although the overall factor 2 scale uncertainty on [H,S0,] is not shown.
The measurements at 278 and 292 K bracket the typical range of boundary-
layer temperatures, whereas those at 248 K reflect exceptionally cold
conditions. Ion-induced nucleation in the boundary layer is limited by the ion-

pair production rate to a maximum of about 4cm s,
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