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A solution of the solar neutrino problem based on certain differences between 
T(opological) G(eometro) D(ynamics) and the standard model of the elec- 
troweak interactions is proposed. First, TGD predicts the existence of a right- 
handed neutrino inert with respect to ordinary electroweak interactions. Second, 
the generalization of the massless Dirac equation contains terms mixing different 
M 4 chiralities, unlike the ordinary massless Dirac equation. This and the observa- 
tion of anticorrelations of the solar neutrino flux with sunspot number suggest 
that solar neutrinos are transformed to right-handed neutrinos on the convective 
zone of the Sun. Third, the compactness of CP2 implies topological field quantiza- 
tion: space-time decomposes into regions, topological field quanta, characterized 
by a handful of vacuum quantum numbers. In particular, there are topological 
obstructions for the smooth global imbeddings of magnetic fields and the decom- 
position of the solar magnetic field into flux tubes is predicted. Finally, eve~ 
electromagnetically neutral mass distribution is accompanied by a long-range Z 
vacuum field. If the vacuum quantum numbers inside the flux tubes of the solar 
magnetic field are considerably smaller than in the normal phase, the Z ~ electric 
force becomes strong and implies Thomas precession for the spin of the left- 
handed component of the neutrino. As a consequence, left-handed neutrinos are 
transformed to right-handed ones and the process is irreversible, since right- 
handed neutrinos do not couple to Z ~ 

1. T O P O L O G I C A L  G E O M E T R O D Y N A M I C S - I N S P I R E D  

S O L U T I O N  T O  S O L A R  N E U T R I N O  P R O B L E M  

The solar neu t r ino  p rob lem (Davis et al., 1988; Hira ta  et al., 1986) (the 

average neu t r ino  fluxes are smaller than  predicted by the s tandard  model  o f  

electroweak interact ions)  suggests that  something m i g h t  be wrong with the 

s tandard  model  of  the electroweak interactions.  It  has recently tu rned  out  
(Hira ta  et al., 1986) that  there is an addi t ional  puzzl ing feature related to 
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the solar neutrinos: the fluxes observed in Homestake (Davis et al., 1988) 
and Kamiokande (Hirata et al., 1986) are different (about one-third and 
one-half of the predicted flux, respectively) and in Homestake the neutrino 
flux seems to anticorrelate with the appearance of sunspots, unlike in 
Kamiokande. 

A second potential problem of the standard model is the anomalous 
production of e+e - pairs observed in heavy ion collisions (Chodos, 1987). 
The so-called leptopion hypothesis stating that there exist bound states of 
color excited leptons with mass of the order 1-2 MeV (Pitk/inen, 1990a) 
provides a possible explanation for the anomalous production of e+e - pairs 
(see Pitk/inen (1990a) and the preceding paper in the present issue). 

Leptopion exchange implies a new weak interaction between leptons at 
low energies and this interaction might provide the explanation for the 
Homestake-Kamiokande puzzle (Davis et al., 1988; Hirata et al., 1986). 
The argument described in detail the accompanying paper goes as follows: 

(a) Topological geometrodynamics [TGD; for the most recent review 
of TGD see Pitk~inen (1990b)] predicts the existence of a right-handed neu- 
trino inert with respect to standard electroweak interactions. 

(b) Part of  the solar neutrinos are transformed to right-handed neutrinos 
in the solar convective zone: this should provide the solution of the solar 
neutrino puzzle. 

(c) Right-handed neutrinos are observed in Kamiokande through their 
scattering from ordinary leptons via leptopion exchange. In Homestake neu- 
trino detection is based on the neutrino-nucleon scattering and since the 
leptopion does not couple to nucleons, right-handed neutrinos remain unob- 
served. Using as an input the Homestake flux, one obtains the correct pre- 
diction for the average Kamiokande flux and the anticorrelation with 
sunspots is predicted to be weaker, although not totally absent. 

In this paper we shall consider a TGD-inspired solution for the solar 
neutrino puzzle. The model is based on certain general features distinguishing 
between TGD and conventional field concepts, which we list first. 

(a) TGD predicts the existence of a right-handed neutrino and the 
TGD counterpart of the massless Dirac operator causes the mixing of  M 4 

chiralities, unlike the ordinary massless Dirac operator. 
(b) CP2 geometry implies what might be called topologicalfieM quanti- 

zation: space-time decomposes into regions characterized by a handful of 
vacuum quantum numbers. This phenomenon might provide a universal 
mechanism for the generation of spatial and temporal structures. At astro- 
physical length scales space-time corresponds to the large-vacuum-quantum- 
number limit of TGD. At shorter length scales also small vacuum quantum 
numbers are possible: superfluids and superconductors provide possible 
candidates for the low-vacuum-quantum-number limit of TGD. 
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(c) The concept of induced gauge field implies that all electromagnet- 
ically neutral mass distributions are accompanied by long-ranged vacuum Z ~ 
fields: at the low-vacuum-quantum-number limit the Z ~ force becomes 
strong and dominates over gravitation. 

The TGD-inspired solution of the solar neutrino problem boils down 
to a model for the transformation of  the right-handed neutrinos to left-handed 
ones in the solar convective zone and is based on the following assumptions. 

(a) The solar magnetic field consists of discrete flux tubes: a discrete 
flux tube structure results from the topological obstructions caused by CP2 
geometry for smooth imbeddings of electromagnetic fields and is a special 
case of topological field quantization. 

(b) The vacuum quantum numbers associated with magnetic flux tubes 
are considerably smaller than for the ordinary vacuum, so that the vacuum 
carries a strong Kiihler field [corresponding to the U(1) gauge field of the 
standard etectroweak model] and therefore also the Z 0 field, which is consid- 
erably stronger than the gravitational field. Besides the Z ~ magnetic field, a 
strong Z ~ electric field is present and plays a key role in the proposed 
mechanism. 

(c) Massive teft-handed neutrinos are accelerated in the strong Z ~ electric 
field of the magnetic flux tube parallel to the surface of the Sun. The Z ~ field 
deflects neutrinos and accelerates them to higher energies. 

(d) The Z ~ magnetic field required to cause chirality flipping by the Z ~ 
magnetic moment interaction is unrealistically large. On the other hand, the 
acceleration in the Z ~ electric field causes Thomas precession, which is rapid 
at relativistic energies, and leads to the spin flip transforming a left-handed 
neutrino to a right-handed one. Since right-handed neutrinos do not couple 
to the Z~ the process is irreversible, so that all neutrinos passing through 
a magnetic flux tube are transformed to right-handed ones. 

In the following we shall give a brief review of relevant TGD concepts 
and construct a model for the vR--* vL transformation. Calculational details 
are left to the Appendix. 

2. SHORT REVIEW OF TGD 

In order to construct a model for the chirality flipping of solar neutrinos, 
one needs some additional ideas of TGD (Pitk/inen, 1990b) and in the 
following a brief review of relevant ideas is given. 

1. The assumption that physical space-times are representable as sur- 
faces of the space H =  M2 x CP2, where M 4 denotes the interior of the 
future light cone of Minkowski space and CP2 is complex projective space 
of two complex dimensions, leads to a natural geometrization of  the gauge 
field concept (Pitk/inen, 1990b) : electroweak gauge potentials are identifiable 
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as the components of the induced spinor connection, that is, projections of 
the CP2 spinor connection to the surface representing space-time: 

A~ = AkO~s ~ (1) 

The geometrical meaning of the induction procedure is clear: parallel transla- 
tion on X 4 is carried out using the spinor connection of H. In Pitk~inen 
(1990b) it is shown that the components of the CP2 generalized spinor 
connection are indeed identifiable as electroweak gauge potentials and that 
the correct coupling structure is obtained. 

2. The induction procedure applies to the spinor structure of H, too. 
The spinors o f X  4 are spinors of H and gamma matrices o f X  4 are obtained 
as projections of H gamma matrices 

F~ = Fk~  h ~= ~'k(M 4) | lO~m k + 7/5 | Fk(CP2)O~s k (2) 

As a consequence, a natural geometric interpretation for electroweak spin 
is obtained. A crucial feature differentiating between the TGD spinor struc- 
ture and the ordinary spinor structure is that the CP2 part of the gamma 
matrices connects different M 4 chiralities to each other. As a consequence, 
the generalized vector current ~ F ~  contains a term coupling different M 4 

chiralities to each other. This suggests that the induction procedure provides 
a geometric description for the breaking of chiral invariance. 

The generalization of the massless Dirac equation is obtained by varying 
the massless Dirac action for induced spinors and metric and reads 

= - 
( 3 )  

A new feature is the mixing of different m 4 chiralities resulting from the fact 
that induced gamma matrices are linear superpositions of m 4 and CP2 
gamma matrices. This effect makes possible the mixing of chiralities of mass- 
less particle without magnetic moment and forms the basis for the TGD 
explanation of the VL--'VR transformation. A second new feature is the 
appearance of a "mass term" on the right-hand side resulting from noncova- 
riant constancy of the gamma matrices. 

3. Topologicalfield quantization is a very general phenomenon differen- 
tiating between TGD and ordinary gauge field concepts. The general space- 
time surface decomposes into regions characterized by four vacuum quan- 
tum numbers A=(c01, ~o2, nl, n2), which are related to the space-time 
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dependence of the phase angles W and �9 associated with the two complex 
coordinates of CP2 (see Figure 1). For electromagnetically neutral space- 
times an additional integer-valued vacuum quantum number m, which we 
call the fractal quantum number, emerges. 

Topological field quantization provides a possible first-principles 
explanation for the generation of spatial and temporal structures: in fact, a 
possibte definition of a macroscopic subsystem is as a topological field quan- 
tum. One application of this phenomenon is the decomposition of a magnetic 
field into flux tubes, which takes place unless one allows edges of space-time 
(discontinuities in the derivatives of CP2 coordinates as functions of space- 
time coordinates). The sizes of the topological field quanta depend on the 
values of the vacuum quantum numbers and are small (large) at the small 
(large)-vacuum-quantum-number limit of TGD. 

The ordinary vacuum at astrophysical length scales must correspond to 
the high-vacuum-quantum-number limit of TGD. Superftuids and supercon- 
ductors and in general the phases exhibiting macroscopic quantum effects 
are good candidates for the small-vacuum-quantum-number limit of TGD. 
In the case of the solar magnetic field the vacuum quantum numbers must 
be considerably smaller than in ordinary vacuum in order to explain the 
observed sizes of these structures naturally. 

4. The concept of configuration space (Pitkgnen, 1990b) plays a central 
role in the formulation of quantum TGD (Pitk~inen, 1990b). Configuration 
space C(H) consists of all 3-surfaces of space H (all manifold topologies 
and also singular manifold topologies intermediate between two manifold 
topologies are allowed). 

The basic principle in configuration space geometrization is the require- 
ment of Dtff  4 invariance: in order to realize the action of D/ff  4 in configura- 
tion space, the definition of the configuration space metric must somehow 
associate a unique space-time surface to a given 3-surface. The geometriza- 
tion of the configuration space relies on the concept of the K/ihler function 

Fig. 1. Decomposition of space-time into 
"topological field quanta." 
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K(X3), which defines Kiihler geometry in C(H) via the formula 

ds 2 = 3kOrK dz k d~ t (4) 

The value of the Kiihlerfunetion for a given 3-surface X 3 is defined as the 
absolute minimum of the so-called K~ihler action in the set of all 4-surfaces 
X4cH containing X 3 as submanifold, 

K(X 3 ) = Min { S ~ X  4) IX 3 = X  4 } (5) 

where the K/ihler action is defined as the Abelian YM action associated with 
the projection J~p of the CP2 K~ihler form to the 4-surface 

Sx(X 4) = (1/16rcaK) ;x  4 J ~ J ~ v ~  d4x + boundary term (6) 

The metric of X 4 appearing in the formula is obtained by induction from 
the metric of H and the parameter aK~-28a~m/27 --- 1/137 is called the K~ihler 
coupling. 

What is important is that the definition of  the Kiihlerfunction associates 
a unique space-time to a given 3-surface and one can say that configuration 
space geometry defines what might be called classical physics. Second, the 
minimization of the K~ihler action implies that the values of the time deriva- 
tives Othk(x) of H coordinates at X 3 and therefore of canonical momenta 
are determined by the minimization conditions, so that Bohr-type quantiza- 
tion rules result and the space-time surface can be regarded as a generalized 
Bohr orbit. This might provide an explanation for the quantization of masses, 
electric charge, etc., at the classical level. Third, the minimization of the 
Kfihler action favors space-time surfaces with K~ihler electric fields giving a 
negative contribution to the K/ihler action (Kghler magnetic fields give a 
positive contribution). 

5. The study of the macroscopic limit of the theory (Pitk~inen, 1990b) 
shows that massive bodies are necessarily K/ihler charged. This implies the 
existence of a new U(1) interaction mediated by the Kiihler field. Since the 
K/ihler field corresponds to the U(1) gauge field of the standard model, it 
gives rise to a long-range Z ~ vacuum field in case of electromagnetically 
neutral space-times and causes the interaction of  left-handed neutrinos with 
the vacuum, while the interaction caused by the exchange of Z ~ quanta 
remains short-ranged. 

The order of magnitude for the K/Jhler charge of macroscopic bodies 
is given by QK" M/o~.  The requirement that this interaction is weaker than 
the gravitational force implies that the Z ~ charge of the particle at long 
distances is, apart from a numerical constant, equal to the mass of the 
particle divided by the Planck mass: QK = e~ M/mplanck, where e~ _< 1, so that 
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one has coi ---mP~anck. At the elementary particle length scale the Kiihler charge 
possesses its quantized value, which varies in sign and magnitude for various 
particle species: at long length scales, charge renormalization makes the 
K/ihler (and Z ~ charge small. 

One consequence is that moving matter creates the Kiihler magnetic field: 
V XBK = el l0-19Nfl, where N=p/mp denotes the nucleon density and /3 
denotes the velocity field. The interaction of the solar neutrinos with Z ~ 
electric fields associated with the magnetic structures of the Sun plays a key 
role in the proposed explanation of VL~VR transformation. 

6. Free particles are identified as 3-surfaces and boundary components 
of 3-surface are identified as the carriers of elementary particle quantum 
numbers (Pitk/inen, 1990b) (the identification is obtained as a generalization 
of the string model, where string ends, "partons," are carriers of quark 
quantum numbers). As a consequence of this identification, one obtains a 
topological explanation for family replication phenomena: different fermion 
families correspond to different boundary topologies (sphere, torus, etc.). In 
Pitk/inen (1990b) an argument explaining why the number of lightfermion 
families is three is presented. The assumption implies that the generalized 
massless Dirac equation on the boundary component of a particlelike 4- 
surface provides a natural semiclassical model for the spin degrees of free- 
dom of elementary particles. 

7. The so-called CP2-type extremals provide the TGD model for a free 
elementary particle (Pitk/inen, 1990b), as a 3-surface with size of order the 
Planck length propagating with the velocity of light. The so-called vacuum 
CP2 solutions are extremals of the Kfihler action having four-dimensional 
CP2 projection and defined by the following conditions: 

m k =fk(s), mzcz(dfk/ds) (dfl/ds) = 0 (7) 

Here s is an arbitrary function of CPz coordinates and the condition states 
that the surface has as its M 4 projection an arbitrary lightlike curve. The 
induced metric and K/ihler structure are identical to those of CP2, so that 
one might call these surfaces "warped" CP2's. As a special case one obtains 
the solution describing the propagation of a massless particle along a light- 
like geodesic: 

m~ m I = const, m2 = const (8) 

For various reasons these can be identified as the Higgs= 0 phase of the 
theory (Pitk/inen, 1990b). The counterparts of the Feynman diagrams of 
the ordinary quantum field theory are obtained as topological sums 
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CP2#g-CPz" �9 "-#CP2 of CP2's (see Figure 2) by taking "warped" CP2's and 
by gluing them together so that each line of the Feynman diagram corre- 
sponds to a "warped" CP2 with one-dimensional M 4 projection and 3- 
particle vertices correspond to the regions where different CP2's are glued 
together. The boundary components carrying elementary particle quantum 
numbers are obtained by drilling holes in each CP2. 

CP2 extremals are not as such absolute minima of the K/ihler action: 
in fact, the action is positive and given by SK = rc/8a~, but this does not 
make them unphysical. The large positive action implies a large value of 
the vacuum functional: exp[K(CP2)]~lO 19 for the adopted value of the 
parameter a~ and therefore the probability that a particle corresponds to a 
CP2-type boundary component is 1038 times larger than the probability that 
it corresponds to "hole" in surrounding 3-space. As a consequence, CP2- 
type solutions should give an extremely good approximate classical model 
of an elementary particle. 

In Pitk/inen (1990b) we have given an argument explaining the elemen- 
tary particle mass scale based on the idea that a CP2 solution correspond to 
a Higgs = 0 phase and a "hole" in background 3-space corresponds to an 
excitation with mass squared of the order of the Planck mass squared. The 
observed mass squared is the average value of the mass squared and is of 
the order of (m 2) ~p(hole)/G~_ 10-38/G. 

8. The Higgs mechanism can be understood as a consequence of the so- 
called topological condensation, which means that particlelike 3-surfaces are 
glued to the background 3-surface possessing macroscopic size (formation 
of a topological sum). 

(a) The minimization of the K/ihler action implies the generation of a 
radial Kiihler electric fieM and Kiihler charge. At the elementary particle level 
the particle mass can be identified as the energy of its Kfihler electric and 
magnetic fields. The value of the K/ihler charge is, apart from a numerical 
constant of order, one, given by Qk ~-M/ml =-el M/mplanck. In the ordinary 

Fig. 2. 

cP 2, 'cPs 
Connected sums of CP2-type extremals as "Feynman diagrams with lines thickened to 

four-manifolds." 
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vacuum the K/ihler force must be weaker than the gravitational interaction, 
so that the value of col must be of the order of the Planck mass, so that one 
has ~'1 ~--- 1. 

(b) In the topological condensation of a CP2-type extremal, the motion 
along a lightlike geodesic is transformed to zitterbewegung along a lightlike 
curve so that the center of mass remains at rest. In length scales much shorter 
than the size of the zitterbewegung orbit the particle looks like a massless 
particle in accordance with the idea that at sufficiently short length scales 
the Higgs = 0 phase sets in. A natural but not necessary assumption for what 
follows is that the CP2 projection of the cm of the boundary component is 
a geodesic line of CPz. 

The simplest model for the zitterbewegung orbit is as a circle of radius 
Po: the boundary component of the CP2-type extremal moves with the veloc- 
ity of light along this circle. By a dimensional argument the Kdhler energy 
and therefore the rest mass of  the particle is determined by the radius of  this 
circle: m oc 1/Po; so that the Compton wavelength of the particle corresponds 
to the radius of its zitterbewegung orbit. The upper bound m_< 1 eV for its 
mass implies that its zitterbewegung orbit has a radius larger than 
P0-> 10 .7 m. Zitterbewegung generates a Kdhler magnetic moment having an 
order of magnitude pKoCP0OC 1/m. At long length scales renorrnalization 
effects make this magnetic moment small: p~:~ 10-19elp0. 

9. The description of the Higgs mechanism at the spinorial level goes as 
follows. At the field theory limit (Pitk/inen, 1990b) elementary fermions (and 
also bosons) are described by second quantized free spinor fields restricted 
to the boundary components of the CP2-type extremal satisfying the gen- 
eralized Dirac equation. 

(a) The Dirac equation for boundary spinors can be written in the 
form, where M 4 and CP2 degrees of freedom are separated, 

a l a _ _T/k~amkgalJD, tij_�89 P Fce2 D~q? + ~(D~Fce2)TJ - (9) 

The left-hand side corresponds to the contribution of CP2 gamma matrices 
to the gamma matrices of the boundary component. For lightlike M 4 orbits 
the M 4 metric does not contribute to the induced metric. The right-hand 
side corresponds to the M 4 contribution to the induced gamma matrices and 
is treated as a small perturbation (instead of CP2 coordinates, M 4 coordi- 
nates are in the role of dynamical fields!). This means that CP2 gamma 
matrices correspond to the chirality-preserving term in the Dirac equation 
and the M4part of  the induced gamma rnatrices plays the role of  the chirality- 
mixing term. 

(b) There are two contributions causing chirality mixing. The first con- 
tribution corresponds to the M 4 contribution to the induced gamma matrices 
appearing in the F~D~ part of the Dirac operator. The contribution of 
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M 4 gamma matrices to induced gamma matrices is proportional to O = 
)'k dfk/ds and is nilpotent ( 02=0)  for all lightlike curves [m~=f~(s)]. For 
lightlike geodesics [say m ~  3 =f(s)] also the covariant derivatives of O 
are nilpotent since one has D~OocO. The second contribution comes 
from the M 4 part of the second fundamental form and is given by the 
expression M =  7kg~t3D~ Or k. This contribution is not a lightlike vector 
except for lightlike geodesics : in this case the two contributions are propor- 
tional to each other: Moc O. 

(c) Lightlike geodesics corresponds" to the Higgs zero phase, as is easy 
to see. First, for lightlike geodesics the operator O, the covariant derivatives 
of O, and M are nilpotent and one can assume that physical spinors are 
annihilated by this operator: �9 = 04  . The condition is obviously equivalent 
to the ordinary massless Dirac equation and implies that both M 4 matrices 
as well as the M 4 metric disappear totally from the Dirac equation. 

A more general situation corresponds to a small deformation of a light- 
like geodesic with the property that the M 4 part of the second fundamental 
form remains a lightlike vector and the gauge field part of the chirality-mixing 
term becomes nonvanishing. In this case chirality mixing takes place for all 
fermions except the right-handed neutrino, which has no coupling to gauge 
fields. The peculiar feature is that mixing is not symmetric: the left-handed 
neutrino transforms to the right-handed one, but not vice versa. This sug- 
gests that massivation takes place for all leptons except the right-handed 
neutrino. This is in accordance with the fact that the right-handed (but not 
the left-handed) neutrino has a vanishing electroweak hypercharge, which 
we have identified as the K/ihler charge. The peculiar unidirectional property 
of the mixing plays an important role in the proposed explanation for the 
transformation of the solar neutrinos to right-handed neutrinos. 

(d) For zitterbewegung orbits the covariant derivatives of the operator 
O as well as the operator M fail to be nilpotent. Therefore it is not possible 
to avoid chirality mixing ( ~  = 04 is no longer a good solution ansatz) and 
fermions become massive. Chirality mixing is caused by two terms: the 
term OO~sg~D~ and the term M, which also couples to the right-handed 
neutrino. 

3. MODEL FOR THE MIXING OF SOLAR NEUTRINOS 

The transformation of left-handed neutrinos to right-handed ones inside 
the convective zone of the Sun explains both the Kamiokande and Home- 
stake results if the leptopion hypothesis is accepted. The remaining task is to 
construct a model explaining the observed mixing ratio. After a considerable 
number of trials and errors, we have ended up with a scenario which explains 
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the observed anticorrelation with the sunspots and is consistent with the 
basic ideas of TGD. 

(a) There is considerable observational evidence that the solar magnetic 
field consists of discreteflux-tube-like structures (Zirin, 1988). 

(b) Magnetic flux tubes differ from an ordinary vacuum in that the trans- 
formation to right-handed neutrinos takes place very rapidly inside them. 

(c) The mixing phenomenon is irreversible: the transformation vR to vL 
does not take place appreciably, so that all left-handed neutrinos passing 
through magnetic flux tubes are transformed to right-handed ones. 

Topological field quantization provides a natural TGD explanation for 
the flux tube structure. The smallness of the topological vacuum quantum 
numbers of the magnetic flux tube implies the presence of a strong Z ~ 
field, which couples to the left-handed neutrinos only and causes Thomas 
precession, leading to an irreversible chirality flip. 

From these assumptions it follows that the expression for the fraction 
of right-handed neutrinos from the total neutrino flux is essentially the frac- 
tional area occupied by the projections of  the flux tubes of  the solar magnetic 

field to the surface of the Sun at the equator, where the observed solar 
neutrinos originate: 

P(vR) =P(A) (10) 

Anticorrelation implies that this fractional area should vary in the range 
[1/4, 4/5]. The visible vertical parts of the magnetic flux tubes associated 

with sunspots do certainly correspond to a considerably smaller fractional 
area than 3/4 (Zirin, 1988). The contribution of the sunspots is not, however, 
the only contribution to the fractional area. The observations indicate that 
flux tubes with all sizes down to the observational limit of the order of 104 m 
are possible (Zirin, 1988). Furthermore, the tangential parts of the magnetic 
flux tubes must also be taken into account and since all tangential flux tubes 
in the convective zone contribute to the projection, the fractional area can 
well be of the required magnitude. 

The assumption that the solar magnetic field consists of discrete flux 
tubes plays a key rote in the model and has a strong empirical basis 
(Zirin, 1988). In a separate paper we construct a model for the magnetic 
structure of the Sun in terms of flux tubes and the model predicts the correct 
order of magnitude for the period of the solar magnetic cycle [1 t years instead 
of 10 ~~ years(!) predicted by a naive magnetohydrodynamic estimate 
(Zirin, 1988). We include in the Appendix a model for the cylindrically 
symmetric flux tube, which hydrodynamically corresponds to a helical vor- 
tex: it is shown that magnetic flux tubes very probably differ from the 
ordinary vacuum in that the value of the parameter e~ is large for them, so 
that the gravitational force is negligible as compared to the vacuum Z ~ force. 
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Furthermore, the flux tubes carry radial K/ihler electric field of the order of 
EK ~--BK/flrot. It is these two features, which imply the rapid transformation 
of neutrinos to right handed ones. 

The following more detailed model for solar neutrino mixing justifies 
the remaining assumptions of the proposed model. 

(a) A long-range K/ihler field implies a long-range Z ~ field, which can 
be derived from the electromagnetic neutrality condition (see Appendix): 

Z ~ = -3J/sin2(Ow) (11) 

A left-handed neutrino interacts with the Z ~ field of the magnetic flux tube 
via its Z ~ charge, which is, apart from a numerical factor, equal to the 
Kghler charge QK = E1 mv/mplanck. 

The order of magnitude for the Kfihler magnetic field of the magnetic 
flux tube modeled as a hydrodynamical vortex (see Appendix) is obtained 
by a dimensional argument from the equation V x BK= E110-19Nfl and the 
order of magnitude of the radial K~ihler electric field is obtained from 
BK~--EKflrot, SO that one obtains 

BK~lO-19elN~otPo, EK~lO-19EINpv (12) 

where N-1029/m 3 is a typical number density of nucleons in the convective 
zone, and flrot~-10 .5 is an estimate for the rotational velocity of the vortex. 
The order of magnitude for BK is about 10-6T for the smallest flux tubes 
of thickness p~--- 10am and 10 -3 T for the largest flux tubes with a radius of 
order 10 7 m .  

(b) The acceleration of neutrinos in the radial Z ~ electric field of 
the Kfihler magnetic flux tube provides the most effective mechanism for 
Vr--'vR transformation. The study of the relativistic equations of motion 
{d[v / (1 -  v2)l/2]/dt= QzoEzo/m~} shows that the kinetic energy gained by 
the neutrino when traversing the conservative Z ~ field of a cylindrically 
symmetric horizontal flux tube is given by 

AEkin ~ 8(qz o Z ~ (13) 

where Z ~ denotes the potential of the Z ~ field. If the Z ~ field is attractive 
for the left-handed neutrino, it gains kinetic energy in the Z ~ field of the 
magnetic flux tube and is deflected. Deflection is considerable when the 
magnitude of the Z ~ potential energy is comparable to the kinetic energy of 
the neutrino. 

(c) Acceleration in the Z ~ electric field causes spin flip via Thomaspreees- 
sion, which is a purely kinematic effect. The angular velocity of Thomas 
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precession is given in the laboratory frame (Jackson, 1962) by 

72 1 
cbr= - 0 x ~, 31 = v2)1/2 (14) 

~/+1 ( 1 -  

where ~ and ~ denote the velocity and the acceleration, respectively, suffered 
by the spinning particle. 

In the present case the acceleration is given by 

(l = Qzo Ezo/m( v) (15) 

The radial background Z ~ field of the Sun is in the same direction as the 
neutrino velocity and causes no precession. The radial Z ~ electric field associ- 
ated with the helical vortices can, however, cause spin flipping and the 
angular velocity is indeed orthogonal to the neutrino velocity. Qz o is the 
spin average of the Z ~ charge and vanishes for purely right-handed 
neutrinos. 

An order-of-magnitude estimate for the precession velocity is obtained 
using (i) the order-of-magnitude estimate for the Kiihler magnetic field of 
the helical vortex [BK _> el 10 -6 T and Bz = (3/sin z 0 w)BK > el 10 -5 T; see 
Appendix], (ii) the order-of-magnitude estimate for the Z ~ charge of the 
neutrino Qzo ~- lO-1981mv/mp (mp is the proton mass), and (iii) the upper 
bound re(v) for the mass of the neutrino. The result reads 

COT~IO_Se ~ E eV _/se c (163 
MeV re(v)~ 

The precession rate is proportional to the energy of the neutrino and 
inversely proportional to the mass of the neutrino. 

There are two alternative ways to achieve a spin flip time much smaller 
than the time spent in traversing the magnetic flux tube. Either (i) the mass 
of  the neutrino is small, 

m(v) <_ 10 -t~ eV (17) 

or (ii) the neutrino mass is of the order of m(v)---1 eV (we shall show that 
supernova observations give some support for this assumption) and the 
value of the parameter el is large: the condition 

~i > 105 (18) 

guarantees that the spin flip takes place also for the thinnest observed flux 
tubes (Zirin, 1988) with radius of the order of 104 m. The study of the model 
for magnetic flux tubes (see Appendix) of the Sun, however, suggests that 
the value of the parameter et =mplanck/O)l is considerably larger than that 
inside the magnetic flux tubes. 



258 Pitk~nen and MfihSnen 

(d) The Z ~ field does not couple to right-handed neutrinos and this fea- 
ture explains the irreversibility of  v ~ v R  transformation. A natural assump- 
tion is that the Z ~ charge is the spin average of the Z ~ charge and since it 
vanishes for the purely right-handed polarization, the neutrino propagates as 
a massless, purely right-handed neutrino after having reached completely right- 
handed polarization. 

In the TGD picture of the Higgs mechanism the transformation to a 
right-handed neutrino corresponds to the transformation of the zitterbe- 
wegung orbit to lightlike geodesics: this explains classically why the vanishing 
coupling to the Z ~ field becomes trivial. 

At the spinorial level the transformation looks as follows. During the 
deformation of the zitterbewegung orbit to a lightlike geodesic the M 4 part 
of the fundamental form becomes a lightlike vector. If the gauge field contri- 
bution to the chirality mixing changes more slowly to a lightlike vector field, 
it begins to dominate chirality mixing, with the result that chirality mixing 
becomes unidirectional and the spinor field becomes essentially right-handed 
in the final state and to a good approximation all neutrinos traveling through 
a magnetic flux tube are transformed to right-handed neutrinos. 

(e) For sufficiently high Z ~ fields the acceleration of the neutrinos in 
the Z ~ field causes the depletion of  low-energy neutrinos from the neutrino 
flux. If all low-energy neutrinos are transformed to right-handed ones in all 
magnetic flux tubes, then the fraction of the observed low-energy flux from 
the predicted by standard model is just P(A). On the other hand, if there 
exist very thin flux tubes causing only acceleration but no appreciable trans- 
formation to right-handed neutrinos, then the fraction of low-energy neu- 
trinos can become smaller than P(A). 

If one requires that the kinetic energy gained in the Z ~ electric field is 
of the same order of magnitude as the initial energy of the neutrino 
[qzoEzoL>__E(v)], then, using the estimates Ev~-I MeV for the neutrino 
energy and L ~- 10 6 m for the thickness of the thinnest flux tubes, one obtains 
the lower bound 

El ~ 10 6 (19) 

so that the depletion of the low-energy part of the neutrino spectrum is a 
possibility to be considered seriously unless the mass of the neutrino is very 
small. It should be noticed that the effect of a Z ~ field of this magnitude on 
electrons is completely negligible. 

4. COMMENTS 

Some comments about the proposed scenario are in order. 
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1. TGD concepts of  gauge field and spinor structure play central roles in 
the explanation. What makes the proposed model attractive is that it avoids 
two basic difficulties of standard models. 

(a) The properties of CP2 spinors imply that mixing takes place in one 
direction only. If the mixing takes place in both directions, the mixing rate 
must be of the order of magnitude of the thickness of the convective zone. 
For larger mixing rates coherence is lost and the fractions of left-handed 
and right-handed neutrinos become equal. The difficult question to answer 
is why the fluctuations in the strength of the magnetic field and in the 
thickness of the convective zone do not spoil the coherence. 

(b) The magnetic moment needed to produce the observed effective 
mixing angle tends to become too large unless the value of solar magnetic 
fields is assumed to be of the order of 10 T: observations (Zirin, 1988) 
suggest that the field strengths are of the order of 10-1 T. 

2. The observations about the neutrino flux coming from SN1987A pro- 
vide an independent experimental indication about the correctness of the 
proposed model. Besides the main burst of neutrinos, the detection of a 
neutrino burst before the main burst was reported (Aglietta et al., 1987). A 
TGD explanation for the phenomenon is obvious: the anomalous neutrino 
burst corresponds to left-handed neutrinos which have transformed to right- 
handed ones inside the supernova and the main burst corresponds to left- 
handed neutrinos. From the known distance of SN1987A and from the time 
difference between bursts (Pitkfinen, 1990b) one can estimate the mass of 
the neutrino and obtain the estimate my ~ - 1 eV. 

3. The abnormally small value of c01 implies that gravitational inter- 
action becomes negligible as compared with the Z ~ force. The appearance 
of so-called prominences on the surface of the Sun is a phenomenon which 
indeed seems to defy the gravitational force and could be regarded as a 
manifestation of a phase with small co l. We have also proposed (Pitk/inen, 
1990b) that strong K~ihler fields near the surface of a supernova might be 
the cause of supernova explosions. 

4. The following argument suggests that superconductors and superfluids 
should correspond to regions of spacetime with a small value of co~. The 
quantization of magnetic flux and velocity circulation are explained naturally 
provided the electromagnetic field and the K/~hler field are equal, apart from 
a sign factor. This in turn implies that the K/ihler field must be strong and 
the value of the parameter col is of the order of the elementary particle 
mass. If so, then superconductors or superfluids could transform left-handed 
neutrinos to right-handed ones almost instantaneously. One can also compare 
the propagation of  light through superconductors or superfluids and ordinary 
matter. Since the velocity for free propagation of light with respect to M 4 

time is of the order of (1 -R2co2/4) ~/2 the velocity for the free propagation 
of light in superconductors should be considerably larger. 
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APPENDIX 

A.1. Spacetime Surfaces with Vanishing Electromagnetic Fields 

Using the so-called Eguchi-Hanson coordinates (r, O, ~ ,  ~)  for CP2 
(Pitk~inen, 1990b) (qJ and �9 are essentially the phase angles of CP2 complex 
coordinates), the expression of the K~ihler form reads 

J = (rZ/F 2) dr ^ (d~F + cos | ddp ) + (rZ/2F) sin | dO ^ d ~  

F= 1 + r 2 (A1) 

The general expression for the electromagnetic field is derived in the Appen- 
dix of Pitk/inen (1990b) and the explicit expression reads 

F~m = (3 + 2p) (rZ/F 2) dr ^ (dW + cos | d ~  ) 

+ (3 +p)(r2/2F) sin O dO ^ d~b (A2) 

p = sin2(| w) 

where O rv denotes the Weinberg angle. The vanishing of the electromagnetic 
fields is guaranteed when the conditions 

~ e = k ~  
(A3) 

(3 + 2p) (r2/r 2) (dr~dO) (k + cos O ) + (3 +p)  (rE/(F) sin O = 0 

hold. The conditions imply that the CP2 projection of electromagnetically 
neutral space-times is 2-dimensional. Solving the differential equation, one 
obtains 

r = tan(X) 

X = (e/2) ln[I (k + cos O)/C[]  (A4) 

e = (3 +p) / (3  + 2p) 

where C is an integration constant, r belongs to the correct range provided 
the value of the quantity X satisfies the conditions X~[mlr, (2m + 1)7r/2], 
where the integer m labels the branch of the arctangent used. This implies 

C exp(2mrc/e) < u + k < C exp[(2m + 1) Jr/e] (A5) 

The lower bound corresponds to the r=oe and the upper bound to the 
r = 0 surface. 

As such, the general expression for u in terms of r is defined on the 
region of space-time bounded by the r = Go and r = 0 surfaces, which corre- 
sponds to a definite range of the variable u = cos(O). The values of u which 
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correspond to the r = 0 and r = oo surfaces are given by 

uo = C exp(2m~r/e) - k 
(A6) 

ul = C exp[(2m + l)rc/e] - k 

As a consequence, space-time decomposes into regions characterized by 
different values of  the vacuum parameters. At r = oe surfaces, n2, (02, and m 
can change, since all values of  ~F correspond to the same point of CP2: at 
r = 0 surfaces also nl and col can change, since all values of  q) correspond to 
the same point of  CP2, too. 

This implies what might be called topologicalfield quantization; since in 
general it is not possible to find smooth global imbedding for, say, constant 
magnetic field. Although global imbedding exists, it decomposes into regions 
with different values of  vacuum parameters and the coordinate u in general 
possesses a discontinuous derivative at the r = 0 and r = oc surfaces. The only 
way to avoid edges of  spacetime is to allow topological field quantization, so 
that the field decomposes into topological field quanta, which can be 
regarded as structurally stable units of  the gauge field. 

Under rather general conditions the coordinates ~F and q~ can be written 
in the form 

~F = c02m ~ + n2~b + Fourier expansion 
(A7) 

go = co 1 m ~ + nt 4~ + Fourier expansion 

m ~ and ~b denote time and angle coordinates associated with cylindrical M 4 
coordinates, so that one has k =  ro2/o0~. Regions of  space-time with given 
values of  the vacuum parameters o0i and ni and of  m and C are bounded by 
the r = 0 and r = oe surfaces. 

The vanishing of the electromagnetic fields implies that the condition 

- co2/n2 - co t/nl = 0 (A8) 

is satisfied. In particular, the ratio co2/o01 is a rational number for electro- 
magnetically neutral regions of  space-time. The change of  the parameters nl 
and n2 (o01 and o02) in general generates a magnetic field and therefore we 
shall refer to these integers as magnetic (electric) quantum numbers. 

The expressions for the K/ihler form and the Z ~ field of  electromagnet- 
ically neutral space-time will be needed in the sequel and are given by 

J =  - [p/2(3 +p)]  sin 2 X du/x dO 

Z ~ - ( 3 / p ) J  (A9) 

When space-time is electromagnetically neutral the generation of  long-range 
K/ihler electric fields implied by the minimization of  the K/ihler action 
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implies also the generation of vacuum Z ~ fields: this effect differentiates 
between TGD and the standard model of electroweak interactions. Notice 
that the components of the electromagnetic field generated by varying vac- 
uum parameters are proportional to the components of the K/ihler field: in 
particular, the magnetic field is parallel to the K/ihler magnetic field. 

A.2. Helical Vortex As a Model for a Magnetic Flux Tube 

The model of the magnetic flux tube as a helical vortex is based on the 
following physical picture. 

(a) The velocity field of  the vortex serves as a source o f  the Kiihler 
magnetic field, 

V x/~K = 10-19tl Nf (A10) 

where N=pm/mp denotes nucleon density and K =  ell0 -19 describes the 
strength of the Kfihler force. ~1 < 1 measures the relative strength of the 
Kfihler and gravitational forces. For the gravitational interaction to domin- 
ate over the Kfihler force the condition tl <-1 must hold. 

(b) The magnetic field is generated when the integers ni change so that 
their ratio differs from the value nl/n2 = 601/c02 guaranteeing electromagnetic 
neutrality. This mechanism implies that the magnetic and Kiihler magnetic 
fields are parallel to each other. 

(c) Magnetohydrodynamic stability conditions are satisfied if the mag- 
netic field of the sunspot is parallel to the electric current, so that the Lorentz 
force vanishes: V • B= v~:B~m (Zirin, 1988). If a magnetic field is generated 
by changing the values of the magnetic quantum numbers nl and n2, then 
Kfihler magnetic and magnetic fields are parallel, so that also the Kiihler 
magnetic and velocity fields are parallel: 

/~K OC ~ (A11) 

Helical vortices are the simplest objects allowing this kind of structure and 
cylindrical symmetry fixes the structure of the helical vortex almost 
completely. 

The helical vortex possesses cylindrical symmetry in the sense that the 
K/ihler magnetic field and the velocity field have only z and q~ components, 
which depend on the cylindrical coordinate p only, so that one has 

dO=col t + kl z + nl~ 

tlzl=k~=o)2 t + k2 z + n2~P 

r = tan X(u)  (A12) 

X(u)  = ln[(k + u) /C]e /2  

u=u(p) 
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The relationship between the velocity field and the K/ihler magnetic field is 
dictated by the condition that matter flow serves as a source of the K/ihler 
magnetic field. 

The expressions for the nonvanishing components of the induced K/ihler 
magnetic field are 

Bff = - [p/2(3 +p)]nl sin 2 X OpU/p 
(A13) 

B~ c = - [p/2(3 +p)]k~ sin 2 X ~pUp 

The requirement V x/~KOC~K implies the condition 

gp B~/Op B~ = - (B~/pZB~) (AI4) 

Using the explicit representation for the induced field, one obtains the differ- 
ential equation 

0p Y= {[1 - (p/p02]/[1 + (p/p,)2] p} y 

Y= sin 2 X apu (A15) 

Pl = nl/k~ 

which gives 

o~, r =  {[1 - (p/p,)~l/[1 + (p/p,)~] p} Y 
(A16) 

Y= sin 2 X ~pu 

Integrating this equation, one obtains 

B~ = - [p /2 (3  +p)]nl/{[1 + (p/p,)2] p~} 
(A17) 

B~ = - [p/2(3 +p)]k~p2/{ [1 + (p/pl)2] p~} 

where p0 is an integration constant possessing the dimension of length. 
The magnitudes of the velocity components flz and flo are 

flz=(2k~/NKp 2) P 1 +(p2)  
2(3 +p) . . 

(A18) 
fl~ = (p/Pl)flz 

Stability requirements for helical vortices (Chandrasekhar,  1961) suggest 
that the value of n~/k~ is of the same order as the critical radius. Notice that 
the vortex rotates like a rigid body near the z axis and that the longitudinal 
velocity is also approximately constant near the z axis. 

The above-described imbedding of the helical K/ihler magnetic field fails 
at the critical radius p = per, which corresponds to the value of r = oo. The 
imbedding can be continued for larger values of p by allowing the change 
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of the parameters m, n2, and 0)2 at the p = p= surface (all values of  
correspond to the same point at the r = oe surfaces), but the radial derivative 
of the variable u becomes discontinuous on the surface p = Per, which there- 
fore becomes an edge of  space-time. This suggests strongly the occurrence of  
flux quantization in the sense that the region inside Per serves as a structurally 
stable unit of  the magnetic field. 

The expression for the critical radius in the present case is obtained 
from the condition r = oe and reads 

per = Pl {exp[4(po/PO2(Uo + k) exp(-2zrm/~)Xo] - 1 } 1/2 

-~ 2p0 exp(-mzr e) [(u0 + k)Xo] 1/2 (A19) 

Xo = [1/(1 + e2)][(2 + E 2) expQr/E) + eZl 

where we have assumed that the value of  the exponent is small. We shall 
soon find that the assumption is physically well founded. Notice that the 
critical radius depends extremely sensitively on the value of  the "fractal" 
quantum number m and that the critical radii are related by a multiple of  the 
discrete sealing transformation in the approximation used. 

An essential point is that the vortex also carries a radial K/ihler electric 
field: the magnitude of  this field is given by 

IEid = IB~l(o91p/nl) (A20) 

The presence of this field plays an essential role in the proposed explanation 
for the solar neutrino puzzle. 

A.3. Estimates for the Vacuum Parameters of Magnetic Flux Tubes 

Consider next the values of  the various vacuum parameters appearing 
in the embedding of the helical vortex. 

(a) From the requirement that the gravitational interaction is stronger 
than the Kiihler force in long length scales one obtains o91 ~--ml"lanek (Pitkfinen, 
1990b). Lorentz invariance implies that the value of klz is given by 

k1~ ~- o91fl ~ ~- fl ~ / ,/-G (A21) 

It turns out that this estimate of COl does not hold true inside magnetic flux 
tubes if one wants to solve the solar neutrino problem in the proposed 
manner. 

(b) The requirement that the angular momentum density is of  the correct 
order of  magnitude gives an estimate for the value of the parameter nl. The 
expression of the conserved angular momentum current in the z direction is 

J'~ = ra~pmkmkd t (A22) 
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where jk denotes the vector field associated with infinitesimal rotation and 
T ~ denotes the energy-momentum tensor. For the angular momentum 
density one obtains in cylindrical M 4 coordinates for X 4 the expression 

jr= Ttr T ~ = (1/167rG)G ~ (A23) 

where the second equation is Einstein's equation. If the contribution of  the 
CP2 curvature to the curvature tensor is not dominating, the leading-order 
contribution to GtO=Rte'-gtC'R/2 comes from the nonvanishing of the 
metric component g,,: 

g~,=s$~colnl =-(R2/4)[cos2(X)(k+u)2+ 1 - u  2] sin2(X)coln (A24) 

and one obtains the order-of-magnitude estimate 

je ~ _ T"  gt~ ~- pmRZoolni/4 (A25) 

In order to obtain the correct order of magnitude for the angular momentum 
density associated with rotational flow, one must have 

R2ooln~/4 ~- pfl(p) (A26) 

which implies 

nl ~- (L/R2col)fl ~- (L /R)  et (A27) 

where L and/3 are the typical scale and velocity associated with the flow. If 
L is taken to be the radius of the vortex (L---107m) and flo~-lO -5 the 
rotation velocity of the vortex, one obtains nl-~ 1035e~. If L is taken to be 
the radius of the Sun and/3 the rotation velocity of the Sun, the value of n~ 
is about 100 times larger: nl-~ 1036s 

If the Kiihler field is strong as compared to the gravitational field, the 
dominating contribution to Gt~ comes from the contribution of CP2 c u r v a -  

t u r e  to R '~ and is proportional to the quantity J~JP~: in this case the 
previous estimate no longer holds, and one obtains the estimate 

nl/col ~-flL (A28) 

Since the K/ihler field is strong inside sunspots, one must use this estimate 
for nj/COl and one obtains the estimate EK"-BK//3rot using the relationship 
between the K~ihler magnetic and electric fields. 

(c) An estimate for the parameter po is obtained by substituting the 
estimate of kz in the general expression of/3~ at the z axis and one obtains 
the condition 

po~lO19(p/3+p)/(~-GNel)l/2~-(1/c01/21011 m (A29) 

where the estimate N -  103~ 3 for the nucleon density has been used. 
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(d) An estimate for the value of the fractal quantum number m is 
obtained from the condition that the exponent appearing in the expression 
of the critical radius is small: 

4 ( p o / p l ) 2  exp(-2mzr e) [(Uo + k)X0] << 1 (A30) 

Since one has P0 ~-(1/sl)l/21011 m and p l ~-per- 106 m, one obtains an order- 
of-magnitude estimate exp( -2mlr / s )  << 10-a~ + k), so that the value of 
m must be rather large unless the value of the parameter Uo + k = Uo + n2/nl  
is very small or the value of el is sufficiently large: the value sl > 105 sug- 
gested by the neutrino mixing model implies that m is of order 2: a rather 
natural-looking value, unlike the large values implied by sl ~- 1. 

(e) If  the magnetic field is generated by the change of na so that the 
condition ( .01 /0 . )  2 = hi~n2 ceases to hold, one obtains the following approxi- 
mate expression for the magnetic field at the z-axis: 

Bz em-- Anl (3 +p)/p2o (A31) 

The requirement that the field is of the order of Bern = 103 G gives the estimate 
~nl'~ 1036/~1, SO that the change of nl is given by A n l / n l ~ - 1 0 / s  2 and is 
larger than one unless the value of the parameter Sl is large. Too large a 
value of Anl is not in accordance with the idea that electromagnetic fields 
are generated as small perturbations of an electromagnetically neutral back- 
ground, so that ~1 should be considerably larger than one: el >> 1 in turn 
implies that the K/ihler force dominates over gravitation. The large value of 
gl (El >__ 106) in turn explains the transformation of solar neutrinos to right- 
handed ones. 
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