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Galactic cosmic ray (GCR) variations by NM.
Solar magnetic (Hale) cycle consisting of two
successive 11-year of solar cycle.

27-day anisotropy of GCR.

Recurrent GCR intensity variation. Neutron
monitors and PAMELA data. 3-4CRP

Forbush decreases
11-year variation of GCR
Near—Earth air temperatures vs solar activity

Parker transport equation-modeling
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The energy spectrum of the first three harmonics of
the 27-day variation of the galactic intensity of
cosmic radiation is less steep (more hard) during
maxima of solar activity, while in the minima is
steeper (soft) and the physical mechanism
underlying this phenomenon is proposed.
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Daily PAMELA proton (R=1.8 GV), helium g:ggf
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GSE latitude
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Stochastic model of GCR transport

* In the 3D heliosphere the SDEs equivalent to the forward (lower sign)

and backward (upper sign) FPE have a form:
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Wawrzynczak, Modzelewska & Gil, 2018
Fig.2. Schematic illustration of the pseudoparticles trajectories projected on a 21} plane in the forward-in-time and
backward-in-time approach to the FPE solution. The initial posmon of pseudop'lrt;cles is marked by an arrow
in color corres pondmg to trajectory’s color. In the backward-in-time scenario, all pseudoparticles
are initialized at the same point. The black arrow signalized how time passes from the pseudoparticles perspective.



Stochastic model of GCR transport , comparison for 1D, 2D and 3D model
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the FPE in 1D, 2D and 3D heliosphere.
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Estimation of the , during Forbush decrease by Approximate
Bayesian Computation (ABC)

* The ABC SMC method was used to estimate the most probable set of parameters of the
paralel diffusion coefficient K,, during the modeled Fd.

* The formula proposed for the diffusion coefficient K, contains the rigidity dependence of
the rigidity spectrum exponent during Fd = 1R).

—B-1°-exp(n-7)- RS,  within disturbed region,

TR) = JL outside disturbed region.

* The experimental study have some methodical limitations, which impede to derive the
specific formulas thus ABC SMC algorithm was employed to estimate the values of
v=uR) parameters giving the best fit of the Fd model with the experimental data as:

NM. where K- Fd data samples (days), NM - number of NM data (in
s i Z 1 |f—ﬂ'| S i
{d data d |:|'.:|r.3 _ R R model various R), I5- is the Fd amplitude reported by R-th neutron
obs K NM "I.E' iq. ':Fc‘ monitor on k-time (day) and If - corresponding modelled Fd

amplitude.

* In calculations, we have used the GCR daily intensities recorded by the four neutron
monitors and Nagoya muon telescope during the Fd event on 5-21 November 2004.
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Long period 11-years GCR variations
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Long period 11-years GCR variations
The resonant frequency calculated for the GCR particles of rigidity 10 GV regularly decreases during

minima and increases during maxima epochs of SA for the total of the considered period between
1969 and 2011. The paper proves that the long-term variations in the HMF intensity and fluctuation levels
play a decisive role, while the contribution of the SW speed is not important.
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The new 2-D time dependent models of the 11—year variation
was developed. This model implements the physical parameters
characterizing the temporal changes of the magnitude B of the
IMF, tilt angle d of the HNS and parameters: y and v for the last 4
solar cycles: from #20 to #23.

In the models temporal changes of the rigidity spectrum
exponent y, characterizing a rigidity dependence of amplitudes of
the 11—year variations of the GCR intensity, and the exponent v of
the PSD of the HMF turbulence were implemented as proxies.

The temporal changes of the physical parameters implemented in
the 2-D model have different delay times with respect to the
temporal changes of the smoothed experimental data of the GCR
intensity observed by NM Oulu.

We obtained different delay time for the solar cycles: from #20 to
#23 - an acceptable compatibility is kept when the minimum of
the expected temporal changes of the GCR particles density is
shifted with respect to the minimum of the temporal changes of
the smoothed experimental data of the GCR intensity.

100% -

95% -

90% -

85% -

80% -

75% -

70%

1976 19

—

—GCR
Model

Years
T h

77 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987

100%

95%

90%

85%

80%

1 Year
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Solar cycle [from| to |Duration| Delay time
20 1964(1976| 11.4 4
21 1976(1986 10.5 18
22 1986(1996| 9.9 2
23 1996(2008| 12.3 12




In figure are presented time profiles of the d(SSN: locr)
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Conclusions:

1.

Amplitude of the 2D ecliptic 27-day GCR anisotropy is polarity dependent, larger values for
positive polarity, while north-south component of the 27-day GCR anisotropy does not
depend on solar magnetic polarity.

The energy spectrum of the first three harmonics of the 27-day variation of GCR intensity is
hard in maximum epochs of solar activity and soft during solar minima.

New type of the GCR quasi-variability with duration from 3 to 4 Carrington rotations is
caused by the turbulent solar dynamo.

We have scanned the diffusion coefficient parameters space by ABC algorithm to estimate
the value of parameters giving the best fit of the Fd model with the experimental data. This
methodology allowed to confirm that during the Fd in November 2004 exists the postulated
rigidity dependence of the rigidity spectrum exponent in the form y(R)ocR0-3

The time interval ~70 years (1890-1960) decisively contributes in creation of global warming
effect, when a correlation coefficient between changes of solar activity and T is very high.



Future work plan:

GCR variations in the whole solar cycle 24 and solar minimum 24/25

Rigidity dependence of the 27-day GCR amplitude using PAMELA and ARINA
data (2006-2016), comparison with NMs

The explanation of a mechanism which causes QBO of GCR.
Studies of other ACRE events.

Checking whether the estimated rigidity dependence of exponent vy is visible
in other registered Fds and/or there are required some conditions to be
fulfilled like e.g., the relevant amplitude of Fd, the size of modulation region.

Delay time problem between solar activity and long term GCR variations:
theory and observations

GCR Anisotropy problem-e.g. drift effect in cosmic ray transport etc.
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