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Growing Solar Activity and Galactic Influence 
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Geometry of Cosmic Energy Interactions and the Crosses of Earth’s Circular Motions

The effects which different types of Solar radiation exert to the technical and biological objects are considered in {1}. In this study we consider the geometrical aspects of Electromagnetic and Corpuscular (EMC) interaction between the Sun and the Milky Way Galaxy, and the way how the orbital and rotational parameters of the Earth modulate the effects of the Earth’s exposure to various types of this interaction. 

Introduction
The motion of a celestial body is explained, for the most part, by the gravity. It may be described with the use of celestial mechanics and relativistic theory. This way we may describe this motion with the use of definite geometrical objects and time-dependent quantities, without turning to gravity; for distinctness, call them the kinematical parameters. As to the kinematical parameters of the Earth, we are primarily interested in the Orbital plane and axis of rotation (which is perpendicular to the Equatorial plane and thus uniquely defines it). 
When several objects form a stable system, as the planets in the Solar System, their gravitational interaction causes periodic and secular variations in kinematical parameters. 
However, if we consider the processes of other physical nature (e.g. the Electromagnetic forces) which act simultaneously with the gravity, we may presume that the EMC interactions would not exert “significant” influence on the kinematics of Earth’s motion (the exceptions are considered below). 

But the inverse is not true, and the aim of this study is to reveal those geometrical elements pertaining to the kinematics of the Earth which modulate the influence of the EMC interactions that take place in the Solar System. 
Then, if these elements are revealed, their periods will correspond (since the initial premise holds true) to the periods with which the EMC-interactions would exert their influence on the Earth just due to the variations in the respective kinematical parameters.
The positive answer to this question is almost evident; but in this work we illustrate it just by reviewing the theories describing the interactions between the Interplanetary Magnetic Field (IMF), Cosmic Rays (CR), Magnetosphere of the Earth, Interstellar gases and some other substances while paying attention to the geometrical aspects of the Earth’s exposure to their influence and interactions.
The analysis of these effects vs. the kinematics {2} of Earth’s motions presents the subject of the subsequent work {3} which gives new evidences in favour of the profound Cosmic meaning of the Ancient concepts and artefacts.
Meanwhile, it is not less interesting that the geometrical and temporal correlations between the kinematical and critical EMC effects (some of which were discovered just several decades ago!) that are studied in these works were evidently reflected in symbols, periods and concepts long before the European science had rejected the Geocentric system. 

For this reason the article {3} also presents new correlations, in addition to {4}, providing us with a deeper comprehension of some well-known artefacts.
1. Electromagnetic field [12-15]
1.1. The magnetic field  
The magnetic field (usually denoted B) is a vector field (viz. a vector at every point of space), with a direction and a magnitude. It permeates space, exerts a magnetic force on moving electric charges and magnetic dipoles. These fields surround magnets, electric currents, changing electric fields.

Like any vector field, the magnetic field can be depicted with field lines – a set of lines through space whose direction at any point is the direction of the local magnetic field vector, and whose density is proportional to the magnitude of the local magnetic field vector. Although a magnetic field is depicted with field lines, it is not meant to imply that the field is only nonzero along the drawn-in field lines. The field is typically smooth and continuous everywhere.

For example, iron filings placed in a magnetic field will line up in such a way as to visually show magnetic field lines; another place where magnetic field lines are visually displayed is in the polar auroras, in which visible streaks of light line up with the local direction of Earth's magnetic field.

1.2. Magnet and Pole naming conventions

A magnet is an object that produces a magnetic field. When placed in a magnetic field, magnet tends to align its axis to be parallel with the magnetic field; e.g. the direction of the Geomagnetic field can be obtained from the orientation of a compass needle.

The north pole of the magnet is the pole which (when the magnet is freely suspended) points towards the magnetic north pole. Since opposite poles (north and south) attract whereas like poles (north and north, or south and south) repel, the Earth's present geographic north is thus actually its magnetic south. In order to avoid this confusion, the terms positive and negative poles are sometimes used instead of north and south, respectively.
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Fig. 1.1. Permanent magnet and its poles
The "north" and "south" poles of a magnet or a magnetic dipole are labelled similarly to north and south poles of a compass needle. Near the north pole of a bar or a cylinder magnet, the magnetic field vector 
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 is directed out of the magnet; near the south pole, into the magnet. 
This magnetic field continues inside the magnet (so there are no actual "poles" anywhere inside or outside of a magnet where the field stops or starts). Breaking a magnet in half does not separate the poles but produces two magnets with two poles each.

1.3. Lorentz force
In physics, the Lorentz force is the force on a point charge due to electromagnetic fields. It is given by the following equation in terms of the electric and magnetic fields: 

F = q (E + v
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B)                                                              (1.1)
Where: F is the force, E is the electric field, B is the magnetic field, q is the electric charge of the particle, v is the instantaneous velocity of the particle, and × is the vector cross product. Note that F, E, v, B are vectors. 

The term qE is called the electric force, while the term qv × B is called the magnetic force. 

Sometimes the term “Lorentz force” refers specifically to the formula for the magnetic force:

F = q v
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B.                                                                      (1.2)
Thus a positively charged particle will be accelerated in the same linear orientation as the E field, but will curve perpendicularly to both the instantaneous velocity vector v and the B field according to the right-hand rule (i.e., if the thumb of the right hand points along v and the index finger along B, then the middle finger points along F) as shown in Fig. 1.2.
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Fig. 1.2. The magnetic force 
[image: image5.wmf]q

F

r

 acts orthogonally to the plane of vectors 
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; its direction corresponds to the sign of the charge of the particle
With respect to (1.1), any non-zero electric field E acts on charged particle along the direction of vector E (forward or backward, relative to the sign of the particle). However, the situation is more complicated with the second term since it uses the vector product. In particular: 

- only that component of the speed v of the particle is actual which is orthogonal to the vector B: this field does not act on a particle if the vector v is directed as B (or  –B). That is why a particle moving along the magnetic field lines remains “uneffected” by this field;

- the field B acts on a particle in direction of vector F being orthogonal to a plane of vectors v and B. 

Let a speed of a particle be 
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 is a component directed along the vector B of homogeneous magnetic field, and 
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 - in the plane being perpendicular to B. Then, as illustrated by Fig. 1.3, we have the following situations:

(i)  if 
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 EMBED Equation.3  [image: image15.wmf]¹

0, the partical makes the circular motion without moving along the vector B;

(ii) if 
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= 0, the partical moves along the vector B;
(iii) if 
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0, the partical makes the circular motion and moves along the vector B, that is spirals along the direction of B.
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Fig. 1.3. Trajectory of a charged particle 
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So, the field B is “ensnaring” the passing particles and “directs” them along its field lines. But it neither accelerate, nor slow down the particles; for these actions the electric field E and gravity are responsible. 

1.4. Electromagnetic field
In reality the electric field and the magnetic field are tightly interlinked, in two senses. First, changes in either of these fields can cause ("induce") changes in the other, according to Maxwell's equations. Second according to Einstein's theory of special relativity, a magnetic force in one inertial frame of reference may be an electric force in another, or vice-versa. Together, these two fields make up the electromagnetic field, which is best known for underlying light and other electromagnetic waves. 

For this reason the equation (1.1) is insufficient and more complex transport equations are composed for obtaining the time and spatial response of charges.

The electromagnetic field may be viewed in two distinct ways:
Continuous structure. From a classical point of view, the electromagnetic field can be regarded as a smooth, continuous field, propagated in a wavelike manner. In this case, energy is viewed as being transferred continuously through the electromagnetic field between any two locations.
Discrete structure. From a quantum mechanical point of view, the field can be viewed as being composed of photons. Experiments reveal that electromagnetic energy transfer is better described as being carried away in 'packets' called photons with a fixed frequency. Planck's relation links the energy E of a photon to its frequency ν through the equation E = h
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, where h is Planck's constant and ν is the frequency of the photon. This quantum picture of the electromagnetic field describes the interaction of electromagnetic radiation with charged matter.
1.5. Mathematical description. There are different mathematical ways of representing the electromagnetic field. The first one views the electric and magnetic fields as three-dimensional vector fields. These vector fields each have a value defined at every point of space and time and are thus often regarded as functions of the space and time coordinates. As such, they are often written as 
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If only the electric field (E) is non-zero, and is constant in time, the field is said to be an electrostatic field. Similarly, if only the magnetic field (B) is non-zero and is constant in time, the field is said to be a magnetostatic field. However, if either the electric or magnetic field has a time-dependence, then both fields must be considered together as a coupled electromagnetic field. 

The wave equations state that, valid electric fields and magnetic fields have an oscillatory form, such as a sinusoid, which result in wave behaviors. Moreover, the first two of the free space Maxwell's equations imply that the waves are transverse waves. The last two of Maxwell's equations imply that:

(1) the wave of the electric field is in phase with and perpendicular to the magnetic field wave, 

(2) these electromagnetic waves travel at the speed of light, and 
(3) light is indeed an electromagnetic wave. 
2. Magnetosphere [16]
A magnetosphere is the region around an astronomical object in which phenomena are dominated or organized by its magnetic field. Earth is surrounded by a magnetosphere, as Mercury, Jupiter, Saturn, Uranus and Neptune. The Earth's magnetosphere was discovered in 1958. Before this, scientists knew that electric currents flowed in space, because solar eruptions sometimes led to “magnetic storm” disturbances. No one knew, however, where those currents flowed and why, or that the solar wind existed. 
[image: image29.png]Magnetotail

~ Deflected solar
wind particles

Incoming s
. wind

Neutral sheet

- Magnetosheath



 
Fig. 2.1. Schematic of Earth's magnetosphere. The solar wind flows from left to right

2.1. Earth's Magnetosphere
The magnetosphere of Earth is a region in space whose shape is determined by the extent of Earth's internal magnetic field, the solar wind plasma, and the interplanetary magnetic field (IMF). In the magnetosphere, a mix of free ions and electrons from both the solar wind and the Earth's ionosphere is confined by magnetic and electric forces that are much stronger than gravity. The magnetosphere is distinctly non-spherical. On the side facing the Sun, the distance to its boundary is about 70000 km (10-12 Earth radii or 
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 = 6371 km). The boundary of the magnetosphere ("magnetopause") is roughly bullet shaped, about 15
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 abreast of Earth and on the night side (in the "magnetotail" or "geotail") approaching a cylinder with a radius 20-25 
[image: image33.wmf]E

R

. The tail region stretches well past 200 
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The outer neutral gas envelope of Earth, or geocorona, consists mostly of the lightest atoms and continues beyond 4-5 
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. The hot plasma ions of the magnetosphere acquire electrons during collisions with these atoms and create an escaping "glow" of fast atoms. The upward extension of the ionosphere, known as the plasmasphere, also extends beyond 4-5 
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 with diminishing density, beyond which it becomes a flow of light ions called the polar wind that escapes out of the magnetosphere into the solar wind. Energy deposited in the ionosphere by auroras strongly heats the heavier atmospheric components (oxygen and nitrogen), which would not otherwise escape from Earth's gravity. Owing to this heating, a heavy atmospheric or ionospheric outflow of plasma flows during disturbed periods from the auroral zones into magnetosphere, extending the region dominated by terrestrial material, known as the fourth or plasma geosphere, at times out to the magnetopause.
2.2. General properties
 Two factors determine the structure and behavior of the magnetosphere: 

1. The internal field of the Earth (its "main field") appears to be generated in the Earth's core by a dynamo process, associated with the circulation of liquid metal in the core. Its major part resembles the field of a bar magnet ("dipole field") inclined by about 10° to the rotation axis of Earth, but more complex parts ("higher harmonics") also exist. Its intensity diminishes like the inverse of the cube of the distance. Higher harmonics diminish faster, like higher powers of 1/R, making the dipole field the only important internal source in most of the magnetosphere. 

2. The solar wind is a fast outflow of hot plasma from the Sun in all directions. Above the Sun's equator it typically attains 400 km/s; above the sun's poles, up to twice as much. The flow is powered by the million-degree temperature of the Sun's corona, for which no generally accepted explanation exists as yet. Its composition resembles that of the Sun—about 95% of the ions are protons, about 4% helium nuclei, with 1% of heavier matter (C, N, ... up to Fe) and enough electrons to keep charge neutrality. At Earth's orbit its typical density is 6 ions/cm3, and it contains a variable interplanetary magnetic field (IMF). The IMF is produced by stretched-out magnetic field lines originating on the Sun, a process described by magnetic storms and plasma flows (MSPF). 

Physical reasons (MSPF) make it difficult for solar wind plasma with its embedded IMF to mix with terrestrial plasma whose magnetic field has a different source. The two plasmas end up separated by a boundary, the magnetopause, and the Earth's plasma is confined to a cavity inside the flowing solar wind, the magnetosphere. The isolation is not complete, thanks to secondary processes such as magnetic reconnection – otherwise it would be hard for the solar wind to transmit much energy to the magnetosphere – but it still determines the overall configuration.

An additional feature is a collision-free bow shock which forms in the solar wind ahead of Earth, typically at 13.5 
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 on the sunward side. It forms because the solar velocity of the wind exceeds (typically 2–3 times) that of Alfvén waves, a family of characteristic waves with which disturbances propagate in a magnetized fluid. In the region behind the shock ("magnetosheath") the velocity drops briefly to the Alfvén velocity (and the temperature rises, absorbing lost kinetic energy), but the velocity soon rises back as plasma is dragged forward by the surrounding solar wind flow.

To understand the magnetosphere, one needs to visualize its magnetic field lines, that everywhere point in the direction of the magnetic field – e.g., diverging out near the magnetic north pole (or geographic southpole), and converging again around the magnetic south pole (or the geographic northpole), where they enter the Earth. They can be visualized like wires which tie the magnetosphere together – wires that also guide the motions of trapped particles, which slide along them like beads.
2.3. Radiation belts
When the first scientific satellites were launched in the first half of 1958 they observed an intense (and unexpected) radiation belt around Earth, held by its magnetic field. That was the "inner radiation belt" of protons with energies in the range 10-100 MeV, attributed later to "albedo neutron decay," a secondary effect of the interaction of cosmic radiation with the upper atmosphere. It is centered on field lines crossing the equator about 1.5 
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 from the Earth's center.

Later a population of trapped ions and electrons was observed on field lines crossing the equator at 2.5-8 
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. The high-energy part of that population (about 1 MeV) is known as the "outer radiation belt", but its bulk is at lower energies (peak about 65 keV) and is identified as the ring current plasma.

The trapping of charged particles in a magnetic field can be quite stable. This is particularly true in the inner belt, because the build-up of trapped protons from albedo neutrons is quite slow, requiring years to reach observed intensities. In July 1962, the United States tested an H-bomb high over the south pacific at around 400 Km in the upper atmosphere, in this region, creating an artificial belt of high-energy electrons, and some of them were still around 4 – 5 years later.

2.4. Magnetic tails
A magnetic tail is formed by solar winds blowing electrified gases, plasma, trapped in a planet's magnetosphere away from the sun. The magnetic tail can extend great distances away from its originating planet. Earth's magnetic tail extends beyond the orbit of the Moon, (Jupiter's magnetic tail is believed to extend beyond the orbit of Saturn). The plasma in the tail is revolving, reaching the end of the tail and then folding back in on itself and returning to the planet it originated from.

There are also gaps in the magnetic tail, called troughs, where no stream of material exists. These troughs change in size and location, and can reconnect at later points in the tail. The night-side magnetic tail can sometimes whip violently back, throwing large amounts of superheated plasma and highly charged particles at the originating planet.
2.5. Electric currents in space
Most people first encounter magnetism as a strange property of permanent magnets made of iron. In space, however, magnetic fields owe their existence solely to electric currents, with no role for ferromagnetism. 
Magnetic fields from currents that circulate in the magnetospheric plasma extend the Earth's magnetism much further in space than would be predicted from the Earth's internal field alone. Such currents also determine the field's structure far from Earth, creating the regions described above.

Similarly, in everyday applications, electric currents always require a "voltage" to drive them, a sort of electric pressure difference, similar to the pressure difference that drives water along a pipe. Not so in the magnetosphere (and in many plasmas) where currents (with one important exception) need no voltage to drive them. Any electric current is the transport of electric charge, but in many cases, such transport is already implied by the structure of the field and the plasma. 
For instance, electrons and positive ions trapped in the dipole-like field near the Earth tend to circulate around the magnetic axis of the dipole (the line connecting the magnetic poles), without gaining or losing energy. Thus, viewed from above the magnetic north pole (geographic south), ions circulate clockwise, electrons counterclockwise (See Fig. 1.3), producing a net circulating clockwise current, known (from its shape) as the ring current. No voltage is needed – the current arises naturally from the motion of the ions and electrons in the magnetic field.

Any such current will modify the magnetic field. The ring current, for instance, strengthens the field on its outside, helping expand the size of the magnetosphere. At the same time, it weakens the magnetic field in its interior. In a magnetic storm, plasma is added to the ring current, making it temporarily stronger, and the field at Earth is observed to weaken by up to 1-2%.

The deformation of the magnetic field, and the flow of electric currents in it, are intimately linked, making it often hard to label one as cause and the other as effect. Frequently (as in the magnetopause and the magnetotail) it is intuitively more useful to regard the distribution and flow of plasma as the primary effect, producing the observed magnetic structure.

As noted, at least one exception exists, a case where voltages do drive currents. That happens with Birkeland currents, which flow from distant space into the near-polar ionosphere, continue at least some distance in the ionosphere, and then return to space. (Part of the current then detours and leaves Earth again along field lines on the morning side, flows across midnight as part of the ring current, then comes back to the ionosphere along field lines on the evening side and rejoins the pattern.) The full circuit of those currents, under various conditions, is still under debate.

Because the ionosphere is an ohmic conductor of sorts, such flow will heat it up. It will also give rise to secondary Hall currents, and accelerate magnetospheric particles – electrons in the arcs of the polar aurora, and singly-ionized oxygen ions (O+) which contribute to the ring current.

2.6. Classification of magnetic fields
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Fig. 2.2. Schematic view of the different current systems which shape the Earth's magnetosphere
Regardless of whether they are viewed as sources or consequences of the magnetospheric field structure, electric currents flow in closed circuits. That makes them useful for classifying different parts of the magnetic field of the magnetosphere, each associated with a distinct type of circuit. In this way the field of the magnetosphere is often resolved into 5 distinct parts, as follows.
1. The internal field of the Earth ("main field") arising from electric currents in the core. It is dipole-like, modified by higher harmonic contributions. 

2. The ring current field , carried by plasma trapped in the dipole-like field around Earth, typically at distances 3–8 RE (less during large storms). Its current flows (approximately) around the magnetic equator, mainly clockwise when viewed from north. (A small counterclockwise ring current flows at the inner edge of the ring, caused by the fall-off in plasma density as Earth is approached). 

3. The field confining the Earth's plasma and magnetic field inside the magnetospheric cavity. The currents responsible for it flow on the magnetopause, the interface between the magnetosphere and the solar wind, described in the introduction. Their flow, again, may be viewed as arising from the geometry of the magnetic field (rather than from any driving voltage), a consequence of "Ampére's law" (embodied in Maxwell's equations) which in this case requires an electric current to flow along any interface between magnetic fields of different directions and/or intensities. 
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The system of tail currents. The magnetotail consists of twin bundles of oppositely directed magnetic field (the "tail lobes"), directed earthwards in the northern half of the tail and away from Earth in the southern half. In between the two exists a layer ("plasma sheet") of denser plasma (0.3-0.5 ions/cm3 vs. 0.01-0.02 in the lobes), and because of the difference between the adjoining magnetic fields, by Ampére's law an electric current flows there too, directed from dawn to dusk. The flow closes (as it must) by following the tail magnetopause – part over the northern lobe, part over the southern one. 

5. The Birkeland current field (and its branches in the ionosphere and ring current), a circuit is associated with the polar aurora. Unlike the 3 preceding current systems, it does require a constant input of energy, to provide the heating of its ionospheric path and the acceleration of auroral electrons and of positive ions. The energy probably comes from a dynamo process, meaning that part of the circuit threads a plasma moving relative to Earth, either in the solar wind and in "boundary layer" flows which it drives just inside the magnetopause, or by plasma moving earthward in the magnetotail, as observed during substorms (below). 

2.7. Magnetic substorms and storms
Earlier it was stated that "if plasma is pushed hard enough, it generates electric fields which allow it to move in response to the push, often (not always) deforming the magnetic field in the process." Two examples of such "pushing" are particularly important in the magnetosphere. The THEMIS mission is a NASA program to study in detail the physical processes involved in substorms.

The more common one occurs when the north-south component Bz of the interplanetary magnetic field (IMF) is appreciable and points southward. In this state field lines of the magnetosphere are relatively strongly linked to the IMF, allowing energy and plasma to enter it at relatively high rates. This swells up the magnetotail and makes it unstable. Ultimately the tail's structure changes abruptly and violently, a process known as a magnetic substorm.


 
Fig. 2.3. Magnetic reconnection in the near-Earth magnetotail, producing a disconnected “plasmoid”
One possible scenario (the subject is still being debated) is as follows. As the magnetotail swells, it creates a wider obstacle to the solar wind flow, causing its widening portion to be squeezed more by the solar wind. In the end, this squeezing breaks apart field lines in the plasma sheet ("magnetic reconnection"), and the distant part of the sheet, no longer attached to the Earth, is swept away as an independent magnetic structure (“plasmoid”). The near-Earth part snaps back earthwards, energizing its particles and producing Birkeland currents and bright auroras. As observed in the 1970s by the ATS satellites at 6.6 RE, when conditions are favorable that can happen up to several times a day.

Substorms generally do not substantially add to the ring current. That happens in magnetic storms, when following an eruption on the sun (a "coronal mass ejection" or a "solar flare" – details are still being debated) a fast-moving plasma cloud hits the Earth. If the IMF has a southward component, this not only pushes the magnetopause boundary closer to Earth (at times to about half its usual distance), but it also produces an injection of plasma from the tail, much more vigorous than the one associated with substorms.

The plasma population of the ring current may now grow substantially, and a notable part of the addition consists of O+ oxygen ions extracted from the ionosphere as a by-product of the polar aurora. In addition, the ring current is driven earthward (which energizes its particles further), temporarily modifying the field around the Earth and thus shifting the aurora (and its current system) closer to the equator. The magnetic disturbance may decay within 1–3 days as many ions are removed by charge exchange, but the higher energies of the ring current can persist much longer.

3. Cosmic Rays [1] 
3.1. Origin of the Cosmic Rays [1-4]
Cosmic rays are energetic particles originating from space that impinge on Earth's atmosphere. Almost 90% of all the incoming cosmic ray particles are protons, about 9% are helium nuclei (alpha particles) and about 1% are electrons. The term "ray" is a misnomer, as cosmic particles arrive individually, not in the form of a ray or beam of particles.

Cosmic ray sources. The variety of particle energies reflects the wide variety of sources. The origins of these particles range from energetic processes on the Sun all the way to as yet unknown events in the farthest reaches of the visible universe. Cosmic rays can have energies of over 1020 eV, far higher than the 1012 to 1013 eV that man-made particle accelerators can produce. 

Most cosmic rays originate from extrasolar sources within our own galaxy such as rotating neutron stars, supernovae (which are capable of producing large quantities of galactic cosmic rays), and black holes. However, the fact that some cosmic rays have extremely high energies provides evidence that at least some must be of extra-galactic origin (e.g. radio galaxies and quasars); the local galactic magnetic field would not be able to contain particles with such a high energy. The origin of cosmic rays with energies up to 1014 eV can be accounted for in terms of shock-wave acceleration in supernova shells. 
The origin of cosmic rays with energy greater than 1014 eV remained unknown until recently, when a large collaborative experiment at the Pierre Auger Observatory appears to have answered this question. In November, 2007 the preliminary results relative to arrival directions of the ultra-high-energy primary cosmic rays were announced. They show that the direction of origination of the 27 highest energy events were strongly correlated with the locations of active galactic nuclei [AGN], where bare protons are believed accelerated by strong magnetic fields associated with the large black holes at the AGN centers to energies of 1E20 eV and higher. To this end it is important to mark out a correspondence between the kinematical and EMC-properties of thse sources of Cosmic Rays [17]: 

… This spherical halo is known to account for the majority of gravitational force exerted upon the galaxy, causing it to rotate as if it were one unified spherical object. This is definitely not how our Solar System behaves, where Mercury orbits the Sun more quickly than Pluto. (If our Solar System were a galaxy, then Mercury and Pluto would both orbit the Sun in the same amount of time.) So, once again in a galaxy we have a sphere of energy, with matter forming within the zone of the ecliptic plane. NASA has also observed “axial jets” emanating from the north and south of the centers of galaxies, and these jets show us the central north-south axis of the spherical torus energy formation. It is noted also that “the high-altitude radiation connects with the radiation at the galactic center … the map suggests that the emission is part of a stream of matter and antimatter rising from the center”
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Fig. 3.1. NASA artist rendition of “axial jets” emanating from within a galactic core
Observations have shown that cosmic rays with an energy above 10 GeV (10 x 109 eV) approach the Earth’s surface isotropically (equally from all directions); it has been hypothesised that this is not due to an even distribution of cosmic ray sources, but instead is due to galactic magnetic fields causing cosmic rays to travel in spiral paths. This limits cosmic ray’s usefulness in positional astronomy as they carry no information of their direction of origin. At energies below 10 GeV there is a directional dependence (anisotropy), due to the interaction of the charged component of the cosmic rays with the Earth's magnetic field. In more details this interaction and the Forbush decrease (See below) are considered below, in Sections 5 and 6.
Galactic cosmic rays [3] are high-energy charged particles that enter the solar system from the outside. They are composed of protons, electrons, and fully ionized nuclei of light elements.

The magnetic fields of the Earth, the Sun, and the Galaxy itself tend to scramble the paths of the galactic cosmic rays, so that when one is detected, nothing can be inferred from the direction of its origin. Because many galactic cosmic rays are of extremely high energy, they must have originated in very energetic processes. Some are believed to have been accelerated by the shockwaves of supernovae. In the high-energy tail of the distribution, some galactic cosmic rays have energies so high that no known physical process could have created them.

Most galactic cosmic rays have energies too low to penetrate the earth's atmosphere, and the radii of their helical trajectories in the Earth's magnetic field tends to channel them to the poles; in this respect, these galactic cosmic rays are exactly like the charged particles that make up the solar wind. When they strike the atmosphere, they can create large showers of secondary particles, including exotic ones such as muons, and these secondary particles are what can be detected at the earth's surface.

Very high-energy cosmic rays can penetrate the Earth's atmosphere: the radii of their trajectories are thousands of kilometers, so they are not as effectively channeled by the earth's magnetic field.
Solar cosmic rays, or solar energetic particles (SEP) are cosmic rays that originate from the Sun. The average composition is similar to that of the Sun itself. There exists no clear and sharp boundary between the phase spaces of the solar wind and SEP plasma particle populations. 

The name solar cosmic ray itself is a misnomer because the term cosmic implies that the rays are from the cosmos and not the solar system, but it has stuck. The misnomer arose because there is continuity in the energy spectra, i.e., the flux of particles as a function of their energy, because the low-energy solar cosmic rays fade more or less smoothly into the galactic ones as one looks at increasingly higher energies. It was found that the solar cosmic rays vary widely in their intensity and spectrum, increasing in strength after some solar events such as solar flares. 

There are further differences between cosmic rays of solar and galactic origin, mainly in that the galactic cosmic rays show an enhancement of heavy elements such as calcium, iron and gallium, as well as of cosmically rare light elements such as lithium and beryllium. The latter result from the cosmic ray spallation (fragmentation) of heavy nuclei due to collisions in transit from the distant sources to the solar system [3].
Further, an increase in the intensity of solar cosmic rays is followed by a decrease in all other cosmic rays, called the Forbush decrease [2] after their discoverer, the physicist Scott Forbush. A Forbush decrease is a rapid decrease in the observed galactic cosmic ray intensity following a coronal mass ejection (CME). It occurs due to the magnetic field of the plasma solar wind sweeping some of the galactic cosmic rays away from the Sun and Earth. The magnitude of a Forbush decrease depends (i) on the size of the CME, (ii) on the strength of the magnetic fields in the CME, and (iii) on the proximity of the CME to the Earth. The overall or average rate of Forbush decreases tends to follow the 11-year sunspot cycle, but individual events are tied to events on the Sun. 

3.2. Local Bubble [23]



Fig. 3.2. The Local Bubble (containing the Sun and Beta Canis Majoris) 
and the Loop I Bubble (containing Antares).
The Local Bubble is a cavity in the interstellar medium (ISM) of the Orion Arm of the Milky Way. It is at least 300 light years across and has a neutral hydrogen density approximately one tenth of the 0.5 atoms per cubic centimetre average for the ISM in the Milky Way. The hot diffuse gas in the Local Bubble emits X-rays.

The Solar System has been travelling through the Local Bubble for the last 3 million years. Its current location lies in the Local Interstellar Cloud or Local Fluff, a minor region of denser material within the Bubble. The cloud formed where the Local Bubble and the Loop I Bubble met. The gas within the LIC has a density of approximately 0.1 atoms per cubic centimeter.

Most astronomers believe that the Local Bubble was formed between some hundreds of thousands to a few million years ago by nearby supernovae that pushed aside gas and dust in the local ISM, leaving behind hot, low density material. 

The Local Bubble is not spherical, but seems to be narrower in the galactic plane, becoming somewhat egg-shaped or elliptical, and may widen above and below the galactic plane, becoming shaped like an hourglass.

The Local Bubble abuts other bubbles of less dense ISM, including, in particular, the Loop I Bubble. The Loop I Bubble was created by supernovae and stellar winds in the Scorpius-Centaurus Association, some 500 light years from the Sun. Other bubbles abutting the Local Bubble are the Loop II Bubble and the Loop III Bubble.
3.3. Interstellar cloud [24]
Interstellar cloud is the generic name given to an accumulation of gas, plasma and dust in our and other galaxies. Put differently, an interstellar cloud is a denser-than-average region of the interstellar medium. Depending on the density, size and temperature of a given cloud, the hydrogen in it can be neutral (H I regions), ionized (H II regions) (i.e. a plasma), or molecular (molecular clouds). Neutral and ionized clouds are sometimes also called diffuse clouds, while molecular clouds are sometimes also referred to as dense clouds.
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Fig. 3.3. Over 200 newly formed stars are scattered within a cavern-like, gaseous, interstellar cloud. The stars irradiate the gas with energetic ultraviolet light – producing a characteristic nebular glow

Analysing the composition of interstellar clouds is achieved by studying electromagnetic radiation that we receive from them. In hot clouds, there are often ions of many elements, whose spectra can be seen in visible and ultraviolet light. 
Until recently the rates of reactions in interstellar clouds were expected to be very slow, with minimal products being produced due to the low temperature and density of the clouds. However, large organic molecules were observed in the spectra that scientists would not have expected to find under these conditions. The reactions needed to create them normally occur only at much higher temperatures and pressures. The fact that they were found indicates that these chemical reactions in interstellar clouds take place faster than suspected. 

High-velocity interstellar clouds (HVC) possess a velocity higher than can be explained by the rotation of the Milky Way. They are detected primarily in the 21 cm line of neutral hydrogen. 
3.4. Local Interstellar Cloud [25]




Fig. 3.4. The Local Interstellar Cloud. The Sun, with a few other local stars, is embedded in the LIC
The Local Interstellar Cloud (LIC), also called the Local Fluff, is the interstellar cloud (about 30 light years across) of neutral hydrogen that is flowing away from the Scorpius-Centaurus Association and through which the Sun is currently passing. The LIC resides in a low-density hole in the interstellar medium known as the Local Bubble. Nearby, high-density molecular clouds, including the Aquila Rift, surround star-forming regions. 
The Solar System entered the LIC at some time between 44 000 and 150 000 years ago and is expected to remain within it for another 10 to 20 000 years. The cloud has a temperature of 6000° C, about the same temperature as the surface of the Sun. It is very thin, with 0.26 atoms per cubic centimeter; approximately one-fifth that of the galactic interstellar medium and twice that of the gas in the Local Bubble. The cloud formed where the Local Bubble and the Loop I Bubble met. 

Location and Ionization of the LIC [26]
Warm (5,000-10,000 K) gas in the interstellar medium is seen only in isolated clouds that can be identified by their kinematics, temperatures, and metal depletions on to grains. High resolution HST and FUSE spectra covering the 912-3000 A region contain many absorption lines formed in warm clouds.
The Sun is located (Fig. 3.5) just inside one such cloud, the Local Interstellar Cloud, and within 100 pc of the Sun there are other clouds with different kinematic and physical properties. The volume of the LIC is about 93 
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 and its mass is about 0.32 
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The largest of these is the G (or Galactic Centre) cloud, but there are also clouds near the North Galactic Pole (NGP) and South Galactic Pole (SGP). A three-dimensional model of the warm gas clouds within 100 pc of the Sun may be found at [27]. The velocity vectors for the G, NGP, and SGP clouds are similar to that of the LIC.
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Fig. 3.5. View of the LIC from the north Galactic pole
The Sun is located at (0, 0), viz. close to the edge of the LIC. The x symbols mark the northernmost and southernmost points of the LIC. The solid portions of the contours indicate where the model is well constrained, and the dotted regions are where the model is poorly constrained. (From: Redfield. S. and Linsky  J.L. 2000, ApJ. 534, 825).
With respect to the IMF-CR interaction it is important to note the observed high degree of hydrogen ionization in the LIC which is inconsistent with the predictions of theoretical models of the ISM that assume steady state ionization and pressure equilibrium among the various components of ISM. At the same time, the hydrogen ionization in the LIC is consistent with the local EUV radiation field.

3.5. Ulysses sees Galactic Dust [45]
Since early 1992 Ulysses has been monitoring the stream of stardust flowing through our Solar System. The stardust is embedded in the local galactic cloud through which the Sun is moving at a speed of 26 kilometres every second. As a result of this relative motion, a single dust grain takes twenty years to traverse the Solar System. Observations by the DUST experiment on board Ulysses have shown that the stream of stardust is highly affected by the Sun's magnetic field. 

In the 1990s, this field, which is drawn out deep into space by the out-flowing solar wind, kept most of the stardust out. The most recent data, collected up to the end of 2002, shows that this magnetic shield has lost its protective power during the recent solar maximum. In an upcoming publication in the J. of Geophysical Research ESA scientist Markus Landgraf and his co-workers from the Max-Planck-Institute in Heidelberg report that about three times more stardust is now able to enter the Solar System. 
The reason for the weakening of the Sun's magnetic shield is the increased solar activity, which leads to a highly disordered field configuration. In the mid-1990s, during the last solar minimum, the Sun's magnetic field resembled a dipole field with well-defined magnetic poles (North positive, South negative), very much like the Earth. 
Unlike Earth, however, the Sun reverses its magnetic polarity every 11 years. The reversal always occurs during solar maximum. That's when the magnetic field is highly disordered, allowing more interstellar dust to enter the Solar System. It is interesting to note that in the reversed configuration after the recent solar maximum (North negative, South positive), the interstellar dust is even channelled more efficiently towards the inner Solar System. So we can expect even more interstellar dust from 2005 onwards, once the changes become fully effective. 
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	Fig. 3.6. These pictures show cut-aways of where interstellar dust is concentrated in the Solar System (the planets are not shown). Higher concentrations are depicted in red/yellow and lower concentrations are depicted in blue/green

During solar minimum (left picture) most interstellar dust can be found above or below the Sun, while at the solar maximum (right picture) the dust is concentrated close to the Sun in the plane of the planets' orbits.


We know from the measurements by high-flying aircraft that 40 000 tonnes dust from asteroids and comets enters the Earth's atmosphere each year. It is possible that the increase of stardust in the Solar System will influence the amount of extraterrestrial material that rains down to Earth.

4. Interplanetary Magnetic Field 
4.1. General Properties of the IMF [8, 9, 11]
The Interplanetary Magnetic Field (IMF) is the term for the Sun’s magnetic field carried by the solar wind among the planets of the Solar System.
The Solar wind consists of particles, ionized atoms from the solar corona, and fields, in particular magnetic fields. Since the solar wind is a plasma, it has the characteristics of a plasma, rather than a simple gas. For example, it is highly electrically conductive so that magnetic field lines from the Sun are carried along with the wind.
The dynamic pressure of the wind dominates over the magnetic pressure through most of the solar system (or heliosphere), so that the magnetic field is pulled into an Archimedean spiral pattern (the Parker spiral) by the combination of the outward motion and the Sun's rotation. 
In other words, along the plane of the Sun's magnetic equator, the oppositely directed open field lines run parallel to each other and are separated by a thin current sheet known as the “interplanetary (neutral, heliospheric) current sheet” (ICS) by allowing to electric current confined to this surface. 
For relatively quiet solar times the structure of this surface is presented in Fig. 4.1. The current sheet is tilted (because of an offset between the Sun's rotational and magnetic axes) and warped (because of a quadrupole moment in the solar magnetic field) and thus has a wavy, “ballerina skirt”-like structure which is carried out into interplanetary space by the solar wind. 

At any moment this rotating sheet (Parker spiral) defines two magnetic domains so that the magnetic field is primarily directed outward from the Sun in one of its hemispheres, and inward in the other. 
Because the Earth is located sometimes above and sometimes below the rotating current sheet, it experiences regular, periodic changes in the polarity of the IMF. These periods of alternating positive (away from the Sun) and negative (toward the Sun) polarity are known as magnetic sectors.
Every 11 years the entire magnetic field of the Sun "flips" (reverses) - the north magnetic pole of the Sun becomes the south, and vice versa. The flip takes place at solar maximum
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	Fig. 4.1. The Interplanetary Current Sheet (ICS)

	a – The ICS out to the orbit of Jupiter
	b  – The Parker spiral is indicated by the arrows [10]
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Fig. 4.2. Distribution of the Solar magnetic lines near the Interplanetary Current Sheet
{For cimplicity, the ICS is shown as a flat surface; pay attention that in the close vicinity of the ICS the open Solar magnetic lines allocated above and below this Sheet are oriented in the opposite directions – SS}

The interplanetary magnetic field lines are said to be “frozen in” to the solar wind plasma (Because of the Sun's rotation, the IMF, like the solar wind, travels outward in a spiral pattern that is often compared to the pattern of water sprayed from a rotating lawn sprinkler). 
The IMF originates in regions on the Sun where the magnetic field is "open" – that is, where field lines emerging from one region do not return to a conjugate region but extend virtually indefinitely into space. The direction (polarity, sense) of the field in the Sun's northern hemisphere is opposite that of the field in the southern hemisphere. (The polarities reverse with each solar cycle.)

Interplanetary magnetic field component Bz. The IMF is a vector quantity with three directional components, two of which (Bx and By) are oriented parallel to the ecliptic. The third component – Bz – is perpendicular to the ecliptic and is created by waves and other disturbances in the solar wind. 

When the IMF and geomagnetic field lines are oriented opposite or “antiparallel” to each other, they can “merge” or “reconnect,” resulting in the transfer of energy, mass, and momentum from the solar wind flow to magnetosphere. 

The strongest coupling – with the most dramatic magnetospheric effects – occurs when the Bz component is oriented southward.
Variations in the Sun's magnetic field are carried outward by the solar wind and can produce magnetic storms in the Earth's own magnetosphere.

The internal geomagnetic field (i.e. the geomagnetic field arising from the Earth's interior, excluding the effects of solar wind pressure and induced current systems that modify the field) is modelled by a series of spherical harmonic functions. With the inclusion of secular variation terms for the harmonic coefficients this model is known as the International Geomagnetic Reference Field (IGRF). The IGRF represents the most recent parametric fit to the model and apply from a particular year until the next IGRF is released, usually every 5 years. On release of a new IGRF the previous model is modified with its secular terms adjusted to the actual changes that took place over the five year period and it becomes the Definitive Geomagnetic Reference Field (DGRF) for that 5 year interval (IAGA 1992). The Geomagnetic field is distorted by external current systems in the ionosphere resulting from interaction of the IMF with the geomagnetic field. The speed of the solar wind and the orientation of the IMF both influence these currents. The result is a compressed geomagnetic field on the sunward side and an extended tail on the anti-sunward side of the Earth. 
4.2. Ulysses Satellite Solar Wind Data
SWOOPS image of solar wind at solar minimum and solar maximum [19]
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Fig. 4.3. SWOOPS solar wind plots (Copyright: D. McComas)
Polar plots of solar wind speed as a function of latitude for Ulysses' first two orbits. The solar wind speed data was obtained by the SWOOPS instrument (Solar Wind Observations Over the Poles of the Sun). The bottom panel shows the sunspot number over the period 1992-2003. The first orbit occurred through the solar cycle declining phase and minimum while the second orbit spanned solar maximum. 

Both solar wind plots are plotted over solar images characteristic of solar minimum (17 August 1996) and maximum (7 December 2000). 
SWOOPS Ulysses map of the heliosphere data [21]
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A polar plot showing actual measurements of solar wind speed (linear scale, approx. range 350-800 km/s), magnetic field (polarity), energetic particles and cosmic rays (logarithmic scales, with the cosmic ray trace offset with respect to the lower-energy particles) acquired by the Ulysses experiments. Particularly striking is the uniform fast (750 km/s) solar wind that fills a large fraction of the heliosphere above 30 degrees latitude in both hemispheres. Other noteworthy features are: 
* The persistence of 26-day periodic variations in the flux of accelerated particles to much higher latitudes than the associated solar wind compressions (best seen in the first half of 1994) 

* The relatively small increase in cosmic ray flux over the poles compared with the equator (as seen in the left-hand side of the plot - the larger increase in 1992-93 is a temporal effect resulting from the transition to solar minimum conditions).

4.3. Heliosphere [9]
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Fig. 4.5.Diagram of features of the heliosphere
The heliosphere is a bubble in space "blown" into the interstellar medium (the hydrogen and helium gas that permeates the galaxy) by the solar wind. Although electrically neutral atoms from interstellar space can penetrate this bubble, virtually all of the material in the heliosphere emanates from the Sun.
For the first ten billion kilometres of its radius, the solar wind travels at over a million kilometres per hour. As it begins to collide with the interstellar medium, it slows to subsonic speeds before finally ceasing altogether. So,

- the point where the solar wind becomes subsonic is the termination shock; 
- the point where the interstellar medium and solar wind pressures balance is called the heliopause; 
- the point where the interstellar medium, travelling in the opposite direction, becomes subsonic as it collides with the heliosphere is the bow shock.
It is likely that the heliosphere is not spherical but that it interacts with the interstellar medium. 
In March 2005, it was reported that measurements by the Solar Wind Anisotropies (SWAN) instrument onboard the Solar and Heliospheric Observatory (SOHO) have shown that the heliosphere, is not axisymmetrical, but is distorted, very likely under the effect of the local galactic magnetic field.
4.3.1. The heliosphere's outer structure is determined by the interactions between the solar wind and the winds of interstellar space.
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Fig. 4.6. The Solar System, in logarithmic scale, showing the outer extent of the heliosphere, the Oort cloud and Alpha Centauri (Credit to: http://interstellar.jpl.nasa.gov/interstellar/probe/introduction/scale.html)
The solar wind streams away from the Sun in all directions at speeds of several hundred km/s in the Earth's vicinity. At some distance from the Sun, well beyond the orbit of Neptune, this supersonic wind must slow down to meet the gases in the interstellar medium. This takes place in several stages:

· The solar wind is traveling at supersonic speeds within the solar system. At the termination shock, a standing shock wave, the solar wind falls below its speed of sound and becomes subsonic. 

· Once subsonic, the solar wind may be affected by the ambient flow of the interstellar medium. Pressures cause the wind to form a comet-like tail behind the Sun, called the heliosheath. 

· The outer surface of the heliosheath, where the heliosphere meets the interstellar medium, is called the heliopause. This is the edge of the entire heliosphere. 

· The heliopause causes turbulence in the interstellar medium as the sun orbits the Galactic Center. The bow shock, outside the heliopause, is a turbulent region caused by the pressure of the advancing heliopause against the interstellar medium. 

4.3.2. The Termination shock is the point in the heliosphere where the solar wind slows down to subsonic speed (with respect to the star) due to interactions with the local interstellar medium. This causes compression, heating, and a change in the magnetic field. In our solar system the termination shock is believed to be 75 to 90 astronomical units from the Sun. The termination shock boundary fluctuates in its distance from the sun as a result of fluctuations in solar flare activity, i.e. changes in the ejections of gas and dust from the sun.

The shock arises because solar wind particles are emitted from stars at about 400 km/s, while the speed of sound (in the interstellar medium) is about 100 km/s. (The exact speed depends on the density, which fluctuates considerably.) The interstellar medium, although very low in density, nonetheless has a constant pressure associated with it; the pressure from the solar wind decreases with the square of the distance from the star. As one moves far enough away from the star, the pressure from the interstellar medium becomes sufficient to slow the solar wind down to below its speed of sound; this causes a shock wave.

Going outward from the sun, the termination shock is followed by the Heliopause where solar wind particles are stopped by the interstellar medium, then the bow shock past which particles from the interstellar medium are no longer excited.

Evidence presented at a meeting of the American Geophysical Union in May 2005 by Dr. Ed Stone suggests that the Voyager 1 spacecraft passed termination shock in December 2004, when it was about 94 AU from the sun, by virtue of the change in magnetic readings taken from the craft. In contrast, Voyager 2 began detecting returning particles when it was only 76 AU from the sun, in May 2006. This implies that the heliosphere may be irregularly shaped, bulging outwards in the sun's northern hemisphere and pushed inward in the south.

4.3.3. The heliosheath is the region of the heliosphere beyond the termination shock. Here the wind is slowed, compressed and made turbulent by its interaction with the interstellar medium. Its distance from the Sun is approximately 80 to 100 AU at its closest point; however, the heliosheath is shaped like the coma of a comet, and trails several times that distance in the direction opposite to the Sun's path through Space. At its windward side, its thickness is estimated to be between 10 and 100 AU. 

4.3.4. The Heliopause is the boundary between the heliosphere and the interstellar medium outside the solar system. As the solar wind approaches the heliopause, it slows suddenly, forming a shock wave called the termination shock of the solar wind.

The heliopause is the theoretical boundary where the Sun's solar wind is stopped by the interstellar medium; where the solar wind's strength is no longer great enough to push back the stellar winds of the surrounding stars.

Hypotheses. According to one hypothesis, there exists a region of hot hydrogen known as the hydrogen wall between the bow shock and the heliopause. The wall is composed of interstellar material interacting with the edge of the heliosphere.

Another hypothesis suggests that the heliopause could be smaller on the side of the solar system facing the Sun's orbital motion through the galaxy. It may also vary depending on the current velocity of the solar wind and the local density of the interstellar medium. It is known to lie far outside the orbit of Neptune. The current mission of the Voyager 1 and 2 spacecraft is to find and study the termination shock, heliosheath, and heliopause. Voyager 1 reached the termination shock on May 23-24, 2006, and Voyager 2 reached it on August 30, 2007 according to NASA. It is anticipated that both missions may ultimately reach the heliopause itself. In the mean time, the Interstellar Boundary Explorer (IBEX) mission will attempt to image the heliopause from Earth orbit within two years of its 2008 launch.

When particles emitted by the sun bump into the interstellar ones, they slow down while releasing energy. Many particles accumulate in and around the heliopause, highly energised by their negative acceleration, creating a shock wave.

An alternative definition is that the heliopause is the magnetopause between the solar system's magnetosphere and the galaxy's plasma currents.

4.3.5. Bow shock. It is hypothesised that the Sun also has a bow shock as it travels through the interstellar medium, as shown in the figure. The bow shock gains its name from its resemblance to the wake left by the bow of a ship, and forms for much the same reason, albeit of plasma, rather than water. Bow shocks will occur if the interstellar medium is moving supersonically towards the Sun, since the sun's solar wind is moving supersonically away from the Sun. As the interstellar wind slams into the heliosphere, it slows, creating a region of turbulence. According to Robert Nemiroff and Jerry Bonnell of NASA, the solar bow shock may lie at around 230 AU from the Sun.
This phenomenon has actually been observed by the GALEX (NASA Galaxy Evolution Explorer) orbiting telescope. The well known red giant star Mira which can be observed in the constellation of Cetus has been seen to have both a comet like tail of debris ejected from the star and a distinct bow shock that precedes it as it travels through space at over 130 kilometers per second.
5. Heliospheric Modulation of Cosmic Rays 
Anisotropy of Electromagnetic and Corpuscular Interactions in the Solar System

5.1. Heliosphere and Cosmic Rays [6]
The heliosphere is the region of space where the solar wind momentum is sufficiently high that it excludes the interstellar medium. This region is thus dominated by the solar magnetic field carried outward by the solar wind plasma. Galactic cosmic rays beyond this region are considered to be temporally and spatially isotropic, at least over timescales of decades to centuries. 
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Fig. 5.1. A Schematic view of the heliosphere and its interaction with the interstellar medium

Cosmic rays (notice that the majority of the cosmic rays are positively charged) enter the heliosphere due to random motions and diffuse inward toward the Sun, gyrating around the interplanetary magnetic field (IMF) and scattering at irregularities in the field. They will also experience gradient and curvature drifts and will be convected back toward the boundary by the solar wind. The combined effect of these processes is the modulation of the cosmic ray distribution in the heliosphere.
The field orientation is known as its polarity and is positive when the field is outward from the Sun in the northern hemisphere (e.g. during the 1970's and 1990's) and negative when the field is outward in the southern hemisphere. A positive polarity field is denoted by A > 0 and a negative field by A < 0. 

To this end it is important to remind that:

- the 11-year solar activity cycle is reflected in the strength of the IMF, the frequency of coronal mass ejections (CMEs) and shocks propagating outward and the strength of those shocks;

- the solar magnetic field reverses at each solar activity maximum. collective name

This means that the 11-year and 22-year Solar activity cycles define the fundamental periods for the Cosmic Ray Transporting cycles. 
5.2. IMF Lines [6]
So, the expanding solar wind plasma carries with it the IMF. A neutral sheet separates the field into two distinct hemispheres; one above the sheet with the field either emerging from or returning to the Sun and the other below the sheet with the field in the opposite sense. 
The solar magnetic field is not aligned with the solar rotation axis and is also more complex than a simple dipole. As a result, the neutral sheet is not flat but wavy, rotating with the Sun every 27 days. 
This alternating field orientation at the Earth's orbit is known as the IMF sector structure. The neutral sheet structure is such that there are usually 2 or 4  crossings per solar rotation. The example in Fig. 5.2 is for a four sector IMF (Fig. 4.1).
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Fig. 5.2. Ecliptic Plane IMF to 10 AU  [22]

Computer simulation of a solar wind disturbance triggered by a solar storm as it moves through the heliosphere. Plotted is the IMF, with the curved blue (red) lines showing the IMF toward (away) sectors for Nov 6, 2003. The Sun is at the Origin.  The radius extends to 10 AU.  The small black dot at  ~ 320°  indicates the location of Earth.
At solar minimum the waviness of the sheet is limited to about 10o helio-latitude, but near solar maximum the extent of the sheet may almost reach the poles. 

With the rotation of the sheet every 27 days the Earth is alternately above and below the sheet and thus in an alternating regime of magnetic field directed toward or away from the Sun, but at an angle of 45° to the West of the Sun-Earth line as shown in Fig. 5.3.  
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Fig. 5.3. Schematic representation of the “garden hose” field line connecting the Sun and the Earth [6]

(For more detailed description of origination of these lines See [7])

5.3. Tilt Angle [5]

As it is described above, the intensity of galactic cosmic rays (CRI) varies inversely with sunspot numbers (SSN), having their maximum intensity at the minimum of the 11-year sunspot cycle (Forbush). This and some other features of the interplanetary medium have been explained on the basis of heliospheric neutral current sheet, which separates the whole heliosphere into two regions of opposite polarity of magnetic field; the field direction in each hemisphere alters  in each 11-year sunspot cycle. At the solar minimum, the current sheet is nearly equatorial with the northern hemisphere solar magnetic field being in one direction and the southern magnetic field having the opposite sign. 
The solar magnetic field structure near the sunspot maxima is complex, where it corresponds roughly to increasing the inclination of the current sheet. The inclinations of the ICS  along the equatorial plane of heliosphere are often named as tilt angles. The waviness of neutral current sheet, i.e., tilt angle has been used as solar/interplanetary index by various investigators to explain the long-term modulation of cosmic rays.

The tilt angle (TA) is computed by averaging the maximum latitude through the neutral line in the north and south hemispheres in each Carrington rotation. The ICS and its waviness provide us some basic physical mechanism to explain the long-term modulation of galactic cosmic rays.
It is established that:

-  correlation between CRI and TA is better during A < 0 than A > 0,

- the inverse correlation between TA and CRI along with 22-year patterns is observed in evolution of TA. 
Some of  the obtained relationships of SSN and TA to CRI considering low, middle and high rigidity neutron monitor stations for the period 1976 to 2005 (solar cycles 21, 22 and 23) are given in Figs. 5.4. 
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Figure 5.4. The SSN and TA show a similar pattern and high degree of correlation (positive) with each other whereas the CRI is inversely correlated with TA as well as with SSN (1976 to 2005)
Calculation of the running cross correlation between CRI and TA and for CRI and SSN (Fig. 5.5) shows that the running cross correlation function c(t) is positive during the maxima of odd cycles 21 and 23 for both the cases (viz. for CRI–SSN and CRI–TA). However, the value of cross correlation coefficient is almost similar in the case of CRI–TA relationship (
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0.6) for both the cycles 21 and 23 and it is different in the case of CRI–SSN, which is 
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0.3 and 
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0.08 for cycles 21 and 23, respectively. The values obtained by this method if averaged over a cycle, will represent the correlation coefficient for a particular cycle. 
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Fig. 5.5. Shows the running cross correlation coefficient c(t) between cosmic ray intensity and sunspot numbers as well as between cosmic ray intensity and tilt angle from 1976 to 2005.
(A < 0 since 2000 and until the expected SA maximum around 2012)

This result evidently shows that there is a 5.5-year periodicity in the observed peaks occurred which is half of the 11-year solar cycle period. 
Besides, it is established the following:
- the positively charged cosmic rays preferentially enter the heliosphere from the direction of the solar poles during A > 0 cycles (corresponding to times when the polarity of the solar magnetic field is outward in the northern hemisphere) such as 
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1970–1980 and 
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1990–2000; 

- during A < 0 periods such as 
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1980–1990 when the solar field polarity is reversed, cosmic rays (positively charged) approach the Sun from along the HNCS.

- During A > 0 times, it might be expected that incoming cosmic rays will be less affected by drift effects associated with an increase in the TA at the beginning of a solar cycle (odd-numbered) or by diffusion associated with enhanced coronal mass ejection (CME) activity. CMEs, which are thought to be a key element in diffusion/convection-based pictures of modulation, are characteristically confined to the Sun’s equatorial regions early in the solar cycle and appear at higher latitudes during the course of the cycle as the streamer belt at the base of the HNCS moves poleward;

- at the beginning of even-numbered cycles (A < 0), when cosmic rays approach the Sun along the HNCS, they will be more readily affected by changes in the TA and low-latitude CMEs. Thus, the difference in the responsiveness to solar activity changes at the onset of even- and odd-numbered solar cycles is consistent with a drift effect.

5.4. Cosmic Ray Transport. Modulation Model Predictions [6]
A theoretical formalism describes the cosmic ray density distribution throughout the heliosphere with the use of a time dependent transport equation which explicitly represents the transport of cosmic rays in the heliosphere by convection, diffusion and drift. The diffusion and convection components of this equation are independent of the solar polarity and will only vary with the solar activity cycle. Conversely, the drift components have opposite effects in each activity cycle following the field reversals. 
By numerically solving the transport equation, Jokipii and Isenberg have shown that:

- the cosmic rays would essentially enter the heliosphere along the helio-equator and exit via the poles in the A < 0  polarity state;
- in the A > 0  polarity state the flow would be reversed with particles entering over the poles and exiting along the equator. This is shown schematically in Fig. 5.6. 
It was also shown that the neutral sheet would play a more prominent role in the A < 0 state when cosmic rays entered the heliosphere along the helio-equator and would interact with the sheet. Because particles enter over the poles in the A > 0 state they rarely encounter the neutral sheet on their inward journey and the density is thus relatively unaffected by the neutral sheet in this state. 
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Fig. 5.6. Global cosmic ray transport predicted by modern modulation models
It was clear from the models that there would be a radial gradient in the cosmic ray density and that the gradient would vary with solar activity. Thus the cosmic ray density would exhibit the 11-year solar cycle variation with maximum cosmic ray density at times of solar minimum and minimum cosmic ray density at times of solar maximum activity (and field reversal). This anti-correlation is shown in Fig. 5.7  (Credit to: http://ulysses.uchicago.edu/NeutronMonitor/Misc/neutron2.html ). 
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Fig. 5.7. CR intensity vs. the sunspot numbers. Solar magnetic reversals for each pole are indicated. Note that the CR peaks at solar minimum alternate from sharply peaked at A < 0 to flat topped at A > 0 
It was also found that the transport of cosmic rays would result in a minimum in the cosmic ray density at the neutral sheet during A > 0 polarity states and a maximum at the neutral sheet in the A < 0 state. There would therefore be a bi-directional latitudinal (or vertical) gradient symmetrical about the neutral sheet and reversing sign with each solar polarity reversal.
5.5. The Flow of Interstellar Helium in the Solar System [28]
Through coordinated observations with instruments on several ESA and NASA spacecraft and a collaborative analysis effort hosted by the International Space Science Institute (ISSI) an international team of scientists has compiled for the first time a consistent set of the physical parameters of helium in the very local interstellar gas cloud the surrounds the solar system. 

Careful analysis of data produced a reliable set of physical parameters for the local cloud which can be used to model the interaction between the Sun and the surrounding interstellar gas and establish dimensions of the solar system. The three independent observational methods use: 

1. the direct analysis of interstellar neutral helium atoms that penetrates close to the Sun 

2. the production of ions from this gas and their transport with the solar wind 

3. and scattering of solar UV light from the penetrating gas.
The Sun is embedded in a fairly dilute and warm cloud of interstellar gas, which consists of a mixture of neutral and ionized gas or plasma. The solar wind, which expands radially from the Sun at supersonic speed, blows a cavity - the heliosphere - into the surrounding interstellar cloud, filling it with solar material and magnetic field. The plasma component of the interstellar gas is kept outside the heliosphere. By balancing the solar wind ram pressure against the pressure of the surrounding cloud, the size and shape of the heliosphere is determined. With the new consensus set of interstellar helium parameters, its density, temperature, flow direction and speed relative to the Sun, the interstellar pressure can now be computed more reliably and the roughly 100 AU size of the heliosphere more accurately determined. 

Only very close to the Sun is the neutral gas ionized by the Sun's UV light and solar wind, which leads to a small cavity in the neutral gas, roughly of several AU in size (it infiltrates inside the Earth's orbit). 
Except for hydrogen, which is affected by radiation pressure (about half of the hydrogen atoms do not penetrate the outer boundary of our solar system, which strongly affects their flow), the Sun's gravity deflects the neutral gas flow, leading to a concentration of neutral gas density in the direction opposite to inflow direction of the gas. The resulting flow pattern is shown in Fig. 5.8 for helium.

[image: image68]
Fig. 5. 8. Interstellar flow in inner heliosphere, locations of observations, and inserts depicting the observations

The SWICS instrument on ACE spacecraft and on Ulysses collects He ions that are created inside the spacecraft orbit from the interstellar gas and then transported outward with the solar wind.  The blue insert shows the pickup ion flux as the Earth passed the He cone in December 2000.  
UVCS on the ESA/NASA SOHO spacecraft observes the cone intensity at 0.2 - 0.5 AU. The green insert shows how the cone intensity decreases from 1996 (solar activity minimum) to 2000 (solar maximum) as the ionization, monitored with the CELIAS SEM sensor on SOHO, increases.
Anisotropy of Earth’s exposure to Electromagnetic and Corpuscular Influence [6]
The flux (flow rate) of cosmic rays incident on the Earth’s upper atmosphere is modulated (varied) by two processes: the Solar wind and the Earth's magnetic field. 
Solar wind is expanding magnetized plasma generated by the sun, which has the effect of decelerating the incoming particles as well as partially excluding some of the particles with energies below about 1 GeV. The amount of solar wind is not constant due to changes in solar activity over its regular eleven-year cycle. Hence the level of modulation varies in autocorrelation with solar activity. 

Also the Earth's magnetic field deflects some of the cosmic rays, which is confirmed by the fact that the intensity of cosmic radiation is dependent on latitude, longitude and azimuth. The cosmic flux varies from eastern and western directions due to the polarity of the Earth’s geomagnetic field and the positive charge dominance in primary cosmic rays; this is termed the east-west effect. 

The cosmic ray intensity at the equator is lower than at the poles as the geomagnetic cutoff value is greatest at the equator. This can be understood by the fact that charged particle tend to move in the direction of field lines and not across them. This is the reason the Aurorae occur at the poles, since the field lines curve down towards the Earth’s surface there. 

Finally, the longitude dependence arises from the fact that the geomagnetic dipole axis is not parallel to the Earth’s rotation axis.

Consider these effects in more details.
5.6. Solar Diurnal Anisotropy. E-W anisotropy
It was shown that the cosmic ray particles would co-rotate with the IMF. At 1 AU this represents a speed of order 400 km s-1 in the same direction as the Earth's orbital motion (at 30 km s-1). Thus the cosmic rays will overtake the Earth from the direction of 18 hours local time (LT) as shown in Fig. 5.9. 
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Fig. 5. 9. The solar diurnal anisotropy ( E-W anisotropy ) resulting from co-rotational streaming of particles past the Earth. This view from above the ecliptic plane shows local solar times.
The arrival direction of the anisotropy is also affected by drifts shifting from 18 hours local time in the A < 0 polarity state to 15 hours local time in the A > 0 state. Ahluwalia has explained this change in phase of the anisotropy by the existence of two components during the A>0 polarity state - one radial (viz. 12:00 LT) and the other aligned in the East-West (18:00 LT) direction, termed the E-W anisotropy. He argued that the radial component disappeared during the A<0 polarity state. 
The changes in phase of the anisotropy are readily apparent at the times of solar field reversal and can explain the 22-year phase variation in the anisotropy.

The amplitude of anisotropy varies with an 11-year solar cycle variation, not due to spectral variations. 
5.7. North-South anisotropy
Compton & Getting analysed ionization chamber data for a sidereal variation and found that the peak of the variation had a phase of about 20 hours local sidereal time (northern hemisphere). Clearly an anisotropy existed with a direction fixed relative to the background stars and not to the Sun-Earth line as for the solar diurnal anisotropy. Subsequently, Elliot & Dolbear analysed southern hemisphere data and found a sidereal diurnal variation 12 hours out of phase from the result of Compton & Getting.
The anisotropy responsible for the sidereal diurnal variation is IMF sector polarity dependent and directed perpendicular to the ecliptic plane. The streaming of particles perpendicular to the ecliptic had been described by Berkovitch and Swinson realised that the anisotropy would have a component in the equatorial plane.

Fig. 5.10 shows how this North-South anisotropy arises from the gyro-orbits of cosmic ray particles about the IMF. When the Earth is on one side of the neutral sheet (in one sector) there will be a component of the field parallel to the Earth's orbit as shown in the top part of Fig. 5.10. 
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	Fig. 5.10. North-South anisotropy 
and its dependence on the IMF direction
	Fig. 5.11. Geometric components of the 
North-South anisotropy


As the neutral sheet rotates, the Earth passes into the next solar sector and this component of the field reverses as in the bottom part of Fig. 5.10. The direction of gyration of cosmic ray particles about the field reverses with the field reversal. Because a radial gradient is present there is a higher density of cosmic rays farther from the Sun. 

Thus the region of higher density alternately feeds in from the south (top of Fig. 5.10) and then the north (bottom of Fig. 5.10). The lower density of particles on the sunward side of the figure similarly reverse giving rise to a lower flux at the opposite pole. The anisotropy simply arises from a B x Gr flow where Gr represents the radial gradient of the particles. The flow of particles perpendicular to the helio-equator is not aligned with the Earth's rotation axis. Thus Fig. 5.11 shows the components of the anisotropy as viewed from the Earth and Fig. 12 shows the geometry of the Earth's orbit which must also be included in an analysis of the anisotropy. 
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Fig. 5.12. Orientation of the Earth's rotation axis to the heliographic equator
The solar semi-diurnal anisotropy (a pitch-angle or bi-directional anisotropy) is annually modulated leading to a spurious sidereal variation that contaminates the real sidereal diurnal variation. It turned out that a bi-directional sidereal anisotropy and a sidereal anisotropy resulting from the North-South anisotropy  co-existed. 

5.8. Ground Level Enhancements
Ground level enhancements (GLEs) are sudden increases in the cosmic ray intensity recorded by ground based detectors. GLEs are invariably associated with large solar flares. To date [6] there have been 59 GLEs recorded since reliable records began in the 1940's. 
The most recent event was recorded on 16 July 2000. The increases in ground based measurements ranges from only a few percent of background in polar monitors to 45 times for the 23 February 1956 event. The rate of GLEs would appear to be about one per year but there may be a slight clumping around solar maximum e.g. during 2 years centred on the last solar maximum 13 GLEs were recorded. The frequency of GLEs per annum is plotted together with the smoothed sunspot number in Fig. 5.13. 
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Fig. 5.13. Monthly smoothed sunspot numbers and annual frequency of GLEs (histogram) 
Most solar flares associated with GLEs are located on the western sector of the Sun where the IMF is well connected to the Earth (the origination of this effect is explained in Fig. 5.21). However, it is very rare to observe GLEs associated with flares to the east of the central meridian or Sun-Earth line. 
Example of GLE: 29 September 1989 - The Largest GLE of the Space Era

The GLE that commenced around noon UT on 29 September 1989 was the largest recorded since the giant event of 23 February 1956 and thus the largest recorded in the space era. The maximum ground level response was observed by the Climax station with a peak 404% above the pre-event background during the 5-minute interval 1255-1300 UT. The GLE was notable for several other features. No visible flare was observed on the solar disk at the time of the enhancement, however a flare was observed from behind the western limb from [image: image74.png]


1230 UT. A looped prominence extended beyond the limb from before 1326 UT until at least 2315 UT. Intense solar radio emission of types 2, 3 and 4 was observed as well as a soft X-rays emission. 
Table 5.1. 29 September 1989 GLE - Spectrum and Arrival Direction. From Lovell et al. (1998)
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	1215-1220
	-2.2
	0.3
	8.8
	37
	254
	14
	258
	100

	1325-1330
	-4.7
	0.4a
	139.2
	22
	258
	0
	282
	78

	1600-1605
	-5.8
	0.1
	220.2
	-42
	246
	-56
	306
	53


In Table 5.1, 
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 represents the angle between the axis of symmetry of the arriving particles and the Sun-Earth line. Nominally this would be expected to be 45° but it does depend strongly on interplanetary conditions. 
The Geocentric Solar Ecliptic (GSE) coordinate system shown in Table 5.1 has its X-axis pointing from the Earth to the Sun, its Y-axis in the ecliptic plane pointing toward dusk and its Z axis pointing toward the ecliptic pole [http://www-ssc.igpp.ucla.edu/personnel/russell/papers/gct1.html/]. 
As is indicated in Table 5.1 the results show a transition from mid-northern to mid-southern latitudes for the axis of symmetry of the arriving particles. 

The solar wind speed measured on 26 September 1989 was very low (down to [image: image79.png]


280 km s-1) and may have remained low during the GLE. Such low wind speeds will result in angles between the IMF and the Sun-Earth line of somewhat greater values than the typical 45°. 
5.9. Sidereal Anisotropies

The observations from 1958 to 1984 showed the existence of the following types of galactic anisotropy:
- the uni-directional (or streaming), appeared to have a maximum at 3 hr sidereal time.

- the bi-directional (pitch angle), pertaining to the sidereal component of the North-South anisotropy 

In 1994 the concept of the Tail-In and Loss-Cone anisotropies was proposed as being responsible for the observed variation and hemispheric asymmetry. In development of this concept, it was proposed a galactic anisotropy, characterized by a deficit flux (deficit anisotropy), centred on
 RA 12 hr,   Dec. 20°.                                                              (5.1)

In addition, a cone of enhanced flux of 
[image: image80.wmf]»

68° half opening angle was postulated centred on 

RA 6 hr,   Dec. -24°.                                                            (5.2)

This source is termed the Tail-In anisotropy due of its close proximity to the possible heliomagnetic tail 

RA 6.0 hr, Dec. -29.2°                                                           (5.3)

opposite to the proper motion of the solar system. Note that this is not opposite to the expected tail 

RA 4.8 hr, Dec. 15° - 17°.                                                       (5.4)

of the solar system motion relative to the neutral gas. A scheme of the model is shown in Fig. 5.14. 
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Fig. 5.14. The Tail-In and Loss-Cone anisotropy model.

PM is the direction of proper motion of the solar system
RM is the direction of motion relative to the neutral gas
It was found that the Tail-In anisotropy is asymmetric about its reference axis 

RA 
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4.7 hr, Dec. 
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 14° S.                                                          (5.5)
The Loss cone anisotropy was found to be symmetric and centred on the celestial equator 

RA 
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13 hr, Dec. 
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0°.                                                           (5.6)
[image: image96.wmf]B

r


 Fig. 5.15. The Tail-In and Loss-Cone sidereal anisotropies

6. Current Worsening of the Space Climate, Earth’s included
The most important qualitative aspects of Electromagnetic and corpuscular effects of Solar activity are described in {5}; the esoteric significance of Solar cycles is considered in {6}. In this review we consider the quantitative aspects of these effects which evidently show that the increased Cosmic irradiation could not be neglected. 
6.1. Solar Activity Effects

As it was said in {2}, the Solar radiation (solar forcing) is one of the two main external factors of climate change. 
6.1.1. Solar variation [40, 43]  and the Current Level of Solar Activity
The sun is the ultimate source of essentially all heat in the climate system. The energy output of the sun, which is converted to heat at the Earth's surface, is an integral part of shaping the Earth's climate. 

On more modern time scales, there are also a variety of forms of solar variation, including the 11-year solar cycle and longer-term modulations. However, the 11-year sunspot cycle does not manifest itself clearly in the climatological data. Solar intensity variations are considered to have been influential in triggering the Little Ice Age, and for some of the warming observed from 1900 to 1950. The cyclical nature of the sun's energy output is not yet fully understood; it differs from the very slow change that is occurring to the sun as it ages and evolves.
A few papers suggest that the Sun's contribution may have been underestimated. Two researchers at Duke University, Bruce West and Nicola Scafetta, have estimated that the Sun may have contributed about 45–50 % of the increase in the average global surface temperature over the period 1900–2000, and about 25–35% between 1980 and 2000. A paper by Peter Stott and other researchers suggests that climate models overestimate the relative effect of greenhouse gases compared to solar forcing; they also suggest that the cooling effects of volcanic dust and sulfate aerosols have been underestimated. 
A different hypothesis is that variations in solar output, possibly amplified by cloud seeding via galactic cosmic rays, may have contributed to recent warming. It suggests magnetic activity of the sun is a crucial factor which deflects cosmic rays that may influence the generation of cloud condensation nuclei and thereby affect the climate. 

The Sun is more active now than it has been for a millennium. The realisation, which comes from a reconstruction of sunspots stretching back 1150 years, comes just as the Sun has thrown a tantrum. 
The dark patches on the surface of the Sun that we call sunspots are a symptom of fierce magnetic activity inside. Ilya Usoskin, a geophysicist who worked with colleagues from the University of Oulu in Finland and the Max Planck Institute for Aeronomy in Katlenburg-Lindau, Germany, has found that there have been more sunspots since the 1940s than for the past 1150 years.

Sunspot observations stretch back to the early 17th century, when the telescope was invented. To extend the data farther back in time, Usoskin's team used a physical model to calculate past sunspot numbers from levels of a radioactive isotope preserved in ice cores taken from Greenland and Antarctica.

Ice cores provide a record of the concentration of beryllium-10 in the atmosphere. This is produced when high-energy particles from space bombard the atmosphere, but when the Sun is active its magnetic field protects the Earth from these particles and levels of beryllium-10 are lower. There was already tantalising evidence that beryllium-10 is scarcer now than for a very long time, says Mike Lockwood, from the UK's Rutherford Appleton Laboratory near Oxford [30]. 

The following facts collected in [36, 38] show other aspects of anomalous intensification of Solar activity:

*  A team at the Rutherford Appleton Laboratory near Oxford, led by Dr. Mike Lockwood, has discovered that in the last century, the overall strength of the Sun’s magnetic field has more than doubled, becoming 230 percent stronger than it was in 1901. Even more interestingly, this rate of magnetic field growth is continually increasing in speed. [M. Lockwood. 230% increase in solar magnetic field since 1901). http://ascension2000.com/solarmag.html]
*  “Since the late 1970s, the amount of solar radiation the sun emits, during times of quiet sunspot activity, has increased by nearly .05 percent per decade, according to a NASA funded study. 
"This trend is important because, if sustained over many decades, it could cause significant climate change," said Richard Wilson, a researcher affiliated with NASA's Goddard Institute for Space Studies and Columbia University's Earth Institute, New York.”[ NASA Study Finds Increasing Solar Trend that can Change Climate. March 20, 2003. www.gsfc.nasa.gov/topstory/2003/0313irradiance.html]
*  And since this time, right through to the present, the solar activity has not backed off, creating untold problems for the NASA scientists and far more CMEs than were ever thought possible in previous models. This is not being covered up or hidden by NASA or other space agencies; it is simply not given very much attention in the media. So, in short, this most recent solar maximum cycle has been so unusually energetic that George Withbroe, Science Director for NASA's Sun-Earth Connection Program issued a statement saying that, quote,“This is a unique solar maximum in history. The images and data are beyond the wildest expectations of the astronomers of a generation ago”.

[G. Withbroe, George. Solar Changes, 2000. http://science.nasa.gov/headlines/y2000/ast22dec_1.htm]
*  In 1999, a third NASA experimenter observed high increases in the amount of helium and heavier charged particles released during solar events, showing that a real change is occurring in the solar wind component of the Sun’s energetic output, neatly paralleling the other observed changes. “Such large 4He+/4He++ratios, persisting for hours, have never been observed in the solar wind before,” they write. They also observed high increases of helium and heavier ions in the CME plasma. The unusual composition of the CME lasted an exceptionally long time. [K. Bartlett. ACEing the sun. American Geophysical Union / Geotimes News Notes,1999.  http://www.geotimes.org/apr99/newsnotes.html]
*  Prior to 2003, the two strongest solar flares on record were rated at a previously unheard-of X20, and occurred in 1989 and 2001.  Then, in November 2003 a flare occurred that some estimate to be at least 200% more powerful than any ever seen before.  As is expected in such events, a coronal mass ejection soon followed – releasing billions of tons of electrified gas into the solar system.  These and other events in late 2003 caused one NASA scientist to say that the Sun is now more active than in living memory, and “there has been nothing like this before.” [D. Whitehouse. What is Happening to the Sun? BBC News Online, 2003 http://news.bbc.co.uk/2/hi/science/nature/3238961.stm]
6.1.2. Solar Activity and Earth’s Climate Change

6.1.2.1. Theodore Landscheidt, since 1974, has made long-range forecasts of precisely defined classes of energetic X-ray flares and strong geomagnetic storms. A forecast experiment covering the period 1979 - 1985 was checked by the Space Environment Center, Boulder, Colorado, and the astronomers Gleissberg, Wöhl, and Pfleiderer. The forecasts reached a hit rate of 90 % even though solar eruptions occur at very irregular intervals. Dependable forecasts of the Sun's activity, based on solar cycles, made it possible for Landscheidt to correctly predict climatic phenomena years ahead of these events [33].
In particular, Dr.T. Landscheidt writes [34]: “… The Intergovernmental Panel on Climate Change (IPCC) judgement that the solar factor is negligible is based on satellite observations available since 1978 which show that the Sun's total irradiance, though not being constant, changes only by about 0.1 percent during the course of the 11-year sunspot cycle. This argument, however, does not take into account that the Sun's eruptional activity (flares, CMEs, etc.), heavily affecting the solar wind, as well as softer solar wind contributions by coronal holes have a much stronger effect than total irradiance. 

The total magnetic flux leaving the Sun, dragged out by the solar wind, has risen by a factor of 2.3 since 1901, while global temperature on earth increased by about 0.6°C. The energy in the solar flux is transferred to the near-Earth environment by magnetic reconnection and directly into the atmosphere by charged particles. Energetic flares increase the Sun's ultraviolet radiation by at least 16 percent. Ozone in the stratosphere absorbs this excess energy which causes local warming and circulation disturbances. General circulation models confirm that circulation changes, initially induced in the stratosphere, can penetrate into the troposphere and influence temperature, air pressure, and storm tracks by changing the distribution of large amounts of energy already present in the atmosphere.

… My climate forecasts based on solar motion cycles stood the test as well. I correctly forecast the end of the Sahelian drought three years before the event, the last four extrema in global temperature anomalies, the last three El Niños as well as the course of the last La Niña, etc. This forecast skill, solely based on cycles of solar activity, is irreconcilable with the IPCC's allegation that it is unlikely that natural forcing can explain the warming in the latter half of the 20th century”.
A list of Theodore Landscheidt’s works are available at [33].  

Correlations between the Solar activity cycles and periods of diverse nature are analysed in {7}.
6.1.2.2. Unmasking the Sun-Weather Connection Problem [31]. Data on liquid precipitation in Brazil covering all of the latitudinal range of Brazil from year 1849 up to 2000 were considered. Periodic analysis of the annual rainfall level shows a pronounced 22-year periodicity for several littoral regions. 

We find that the phase of the space weather versus terrestrial weather correlation is different and even opposite for the various latitudinal regions, and this suggest a long term (> 100 years) latitudinal pattern shift superimposed on the time scale of the 22-year solar activity cycle. 

Specific analysis of short-term rainfall variations shows a significant increase in rainfall level several days after solar magnetic sector boundary crossing detected by Earth orbiting spacecraft. This additional finding is an argument in favor of existence of physical link between rainfall variations and the solar magnetic activity cycle. 

The results presented herein appear to have bearing both as a scientific instrument for the unmasking of the sun-weather connection problem, and may possibly have significance for long term practical weather forecasting in the South American region and elsewhere. 

6.1.3. Not only electromagnetic processes are triggered by the Solar activity

An abrupt variation in the Earth’s rotational period was observed in 1956 after an extremely powerful Solar flare. This phenomenon cannot be explained by gravitation or tidal braking The events of this type were observed several times; for instance, in 1898 and 1920 the ralative variation in agular rate reached 3.9
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The origin of such abrupt variations remains unknown, but it must be very powerful: their magnitudes exceed the centenarian tidal variation of the Earth's rotation rate. The powers which are to be engaged for such an abrupt variation to take place due to some Earth’s surface process can be compared with:

falling on the Earth (tangentially to Equator) of 1000 000 meteorits with a mass of 1000 000 tons each;

descending to a sea level a plateau of 700 by 700 km with a hight of 4 km (like Tibetian one).

6.2. Cosmic Ray Effects

6.2.1. Galactic Dust Storm Hits the Solar System [29]
Our Solar system's natural defences are down and a vigorous cosmic dust storm is blowing through, according to a new study. The number of incoming particles recently tripled and the pace is expected to grow over the next decade. Terrestrial weather and climate will not likely be affected, but more shooting stars could grace the night sky, said the study's leader, Markus Landgraf of the ESA. 

The discovery was made using data from ESA's Ulysses spacecraft, which orbits the Sun on a noncircular path between Earth and Jupiter and his been monitoring the situation since 1992. The probe detects small particles and, based on direction, mass and speed, figures out which ones came from outside the solar system. 

Threefold increase. The number of interstellar dust grains increased from 4 per day, per meter in 1997 to 12 per day in 2000, Landgraf said. He expects the rate to stay constant until 2005, and then increase by another factor of 3 prior to 2013.

The Solar system is plowing toward the fringes of a galactic G-cloud: “The time of the entry into the G-cloud is unknown, but is expected to occur any time in the next 10000 years …There will be a constant increase [in dust rates], because G-cloud is more dense than the LIC that is now surrounding our Sun”
6.2.2. Interaction with the Earth's atmosphere

The bounds of atmosphere vary wildly. During solar maxima, the Earth's atmosphere causes drag up to a hundred kilometres higher than during solar minimums [http://en.wikipedia.org/wiki/Orbit].
When cosmic ray particles enter the Earth's atmosphere they collide with molecules so that the extensive particle showers are generated by high-energy primary cosmic-ray particles that interact with air nuclei (mainly oxygen and nitrogen) high in the atmosphere, initiating a cascade of secondary interactions that ultimately yield a shower of electrons, photons, and muons that reach ground level. This results in various aspects: 

- Role in ambient radiation: cosmic rays constitute a fraction of the annual radiation exposure of human beings on earth. For example, the average radiation exposure in Australia is 0.3 mSv due to cosmic rays, out of a total of 2.3 mSv;

- Radiocarbon dating: cosmic rays are also responsible for the continuous production of unstable isotopes in the Earth’s atmosphere, such as carbon-14. The CR kept the level of carbon-14 in the atmosphere roughly constant for at least the past 100,000 years, until the beginning of nuclear testing in the early 1950s. This is an important fact used in radiocarbon dating which is used in archaeology.

6.2.3. Intergalactic Cosmic Rays and "Global Warming" [3, 32]
Galactic cosmic rays are high-energy charged particles that enter the Solar System from the outside. They are composed of protons, electrons, and fully ionized nuclei of light elements. The magnetic fields of the Earth, the Sun, and the Galaxy itself tend to scramble the paths of the galactic cosmic rays.

Most galactic cosmic rays have energies too low to penetrate the Earth's atmosphere and tend to channel to the poles; in this respect, these rays behave like the charged particles making the solar wind. Very high-energy cosmic rays can penetrate the earth's atmosphere; when they strike the atmosphere, they can create large showers of secondary particles which can be detected at the earth's surface.

The correlation between the Anomaly in the Intensity of the Intergalactic Cosmic Ray (ICR), which include He++ and H+ nucleons and electrons, and the variations in the terrestrial tropospheric temperature is obvious. Without a doubt, the present variability in the tropospheric temperature of Earth is directly attributable to the instability of the intensity of ICR.
So, the "Global Warming" is not an anthropogenic event, but a natural cycle related to the energy of the Universe: the present Global Warming does not depend on the concentration of the Greenhouse Gases, but on the Density of the Energy that is incoming from space, so from the Sun as from the interstellar medium.
6.3. The Large-Scale Changes in the Solar System

Dr. A. N. Dmitriev in his study shows [35] that: “Current Planeto-Physical alterations of the Earth are becoming irreversible. Strong evidence exists that these transformations are being caused by highly charged material and energetic non-uniformity's in anisotropic interstellar space which have broken into the interplanetary area of our Solar System. This “donation” of energy is producing hybrid processes and excited energy states in all planets, as well as the Sun. Effects here on Earth are to be found in the acceleration of the magnetic pole shift, in the vertical and horizontal ozone content distribution, and in the increased frequency and magnitude of significant catastrophic climatic events. There is growing probability that we are moving into a rapid temperature instability period similar to the one that took place 10,000 years ago. The adaptive responses of the biosphere, and humanity, to these new conditions may lead to a total global revision of the range of species and life on Earth. It is only through a deep understanding of the fundamental changes taking place in the natural environment surrounding us that politicians, and citizens a like, will be able to achieve balance with the renewing flow of PlanetoPhysical states and processes.” 

Further analysis of the energetic transformation of the Solar System is given in [36 - 38], where it is evidently shown that an unprecedented increase in electromagnetic and corpuscular interactions are taking place now both on the Sun and on the planets. To this end especial interest presents the following extract from [38] which shows how the planets can interact:

“another sign of a massive overall increase in the energetic behavior of Venus was revealed in 1997. A tail of charged plasma trailing behind Venus was measured to be 60 000 percent longer in 1997 – stretching almost to the Earth – than where it was first discovered in the late 1970s.  According to one NASA/JPL scientist, this tail is “a really strong signal, and there’s no doubt it’s real.” All of these changes in the Venusian’s environment can be seen as part of a larger, hyperdimensional charge-up affecting the entire solar system.
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Fig. 6.1. Huge Charged Plasma Tail from Venus Extends to Earth (New Scientist, 1997)
Conclusion
So, the sequence of 11-year Solar cycles works like a “Solar pump” which alternatively exposes the Earth to irradiation of two types:

- during the years of Solar minimum, when the Solar wind is weak, the Cosmic Rays, more or less freely, fill up the Solar system and exert maximal influence on the Earth; 

- during the years of Solar maximum the Solar wind “pushes” the Cosmic Rays out, but instead the Sun increases its own influence.

What is important for the current age is unprecedented growth of intensity of irradiation at each of these two phases, due to the strengthening of both Cosmic Ray flow and Solar activity. 

Apart from the considered aspects of these phenomena this results in the growth of conductivity of the interplanetary medium (by filling it with charged particles), intensification of electromagnetic interactions between Sun and planets, and growth of capacitance of cyclically discharging Solar hyper-capacitor  [39]. 

Therefore, although the most shocking for the climate and biological objects are the Solar impacts that take place during the solar maximum periods, even during the Solar minimum epochs the increasing level of Cosmic rays does not allow the Earth to relax! 

The great increase in Earth’s exposure to the EMC-interactions cannot be neglected in its influence on the biological objects whose nervous system is electrically co-governed when this increase makes 3 -12 times of a level a decade ago.
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The Celestial Crosses as the Cosmic Timers of the Earth’s Ages 

and their Reflections in Periods, Symbols and Artefacts 

Sergey Smelyakov © 

Annotations
Under this general title a series of studies is presented which further develop the concepts that where considered in the previous articles hosted at the site ASTROTHEOS.com (ASTROTHEOS.narod.ru), but on the ground of more detailed and systematic analysis of gravitational and electromagnetic interactions of the Earth with the surrounding space objects and interstellar medium. From the other hand they show how these interactions are reflected in artefacts and esoterical concepts.

Thus, the main objects of this study are the system of kinematical cycles specifying the Earth’s motions and the system of cycles of Electromagnetic and Corpuscular (EMC) nature, Solar activity among them, which are considered within the same spatial and temporal reference frame. In this regard the aim of this study lies in further refinement and revealing new aspects of timing of Space factors of influence, as well as in brining the physical, geometrical and temporal elements of these systems into correlation with the Ancient concepts, symbols and numerical models.

As far as this study deals with a number of heterogeneous concepts, three reviews are provided (on celestial mechanics, astrophysics, and esotery) where the basic ideas are explained qualitatively and described quantitatively. At present, these reviews and the first article are hosted. In the subsequent work on this theme it is supposed to consider the cycles being peculiar to the Celestial Crosses in more detail.

Key words: celestial mechanics, astrophysics, Solar activity, Solar wind, cosmic rays, orbit, precession, cycle, period, resonance, Golden Section, artefact, esotery, symbol, Cross, Sacred Hoop (Medical Wheel)
The Celestial Crosses in Earth’s Motions: Geometry and Periods of Paramount Astronomical Cycles

This is a synopsis of several categories of celestial mechanics where the geometry and timing of the basic Earth’s motions are described. On this ground the Celestial Crosses are defined as the geometrical structures that comprise the main elements specifying the basic types of Circular Motions of the Earth and thus describe, spatially and temporally, the cycles in which the Earth participate. Although these cycles are engendered by the gravitational interactions between the Sun and planets, in these considerations we do not go beyond the kinematical aspects of Earth motions. 
The Celestial Crosses in Earth’s Exposure to the Growing Solar Activity and Galactic Influence 
This is a synopsis of several categories of astrophysics pertaining to geometry and timing of the Earth’s Exposure to Sun’s and Galactic magnetic fields and particles. It is shown that these Crosses define a bulk of the axes and planes within which the EMC phenomena synchronously exert their influence to the Earth. This makes them as important for describing how the Interplanetary Magnetic Field (IMF) and Cosmic Rays (CR) affect the Earth, as it was for describing the kinematics of Earth’s motions. Special attention is paid to 11-year Solar activity cycles since they modulate the IMF and CR influence. 
The Celestial Crosses and the “Solar Pump” in Esoterical Concepts, Symbols and Artefacts
This is a synopsis of the multilateral Crosses, geometric and astronomical aspects of the Sacred Hoops (Medical Wheels) presenting the artefacts that probably could be neither younger nor less pithy than many other prehistoric petroforms, and the Hunbatz Men’s considerations relative to count of time and comets which support the importance of the current epoch as that of the Great Celestial Conjunction. 
The Celestial Crosses and Paramount Earth’s Cycles in Astrophysics, Artefacts and Esoterical Concepts
In this article it is shown that the Celestial Crosses describe how the Earth’s exposure to the EMC interaction between the Galaxy and Sun is modulated in Time and Space. It is also shown that these Crosses and the effects they describe were evidently known millennia ago and reflected in a series of esoterical concepts, symbols and artefacts, both in the Old and in the New Worlds. [image: image88][image: image89][image: image90]
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