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Abstract. It is pointed out that the solar neutrino problem is
related to a remarkable series of astrophysical problems of the
solar core. Even if the MSW effect in itself would be able to give
account of the missing neutrinos, one could explain the possible
time variation of the neutrino flux (as revealed by the chlorine
solar neutrino experiment) only by a non-standard solar model,
allowing time-dependent density variations in the core. For re-
solving all these problems, I suggest that the Sun does not work
as a well-tempered fusion reactor, and I present a mechanism
which can generate the solar activity by the core. Changing the
commonly accepted hypothesis from the constancy of the solar
core into its variation with the activity cycle under the pressure
of newly accumulating evidences, here I explore some conse-
quences of this theoretically and observationally supported as-
sumption, also to the observed neutrino fluxes. Allowing very
localized time varying densities, i. e. the presence of macro-
scopic flows, a simple mechanism is derived for the generation
of local thermonuclear runaways in hot bubbles shooted out
from the core. The model derived seems to be also appropriate
for the interpretation of a whole list of tantalizing problems like
the nitrogen enigma, the flare related chemical anomalies, the
heavy element enhancement of the solar corona and the rigid
rotation of the activity generating centres.
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1. Tantalus’ astrophysical menu

The existence of the solar activity, including the quasiperiodic
appearance of the sunspots, flares, plages, spicules, coronal
holes, streamers, mass ejections, noise storms, radio storms etc.
is well known for centuries. Unfortunately, the nature of this
activity is not understood well enough. It is thought to be of
magnetic nature with an atmospheric origin, but there are no
detailed theoretical models describing its most important char-
acteristics, explaining its period, or forecasting the activity it-
self. ”’One may easily get the impression that the gap between

theory and observations of solar activity has only widened in
the last decades” (Petrovay, Szakaly 1993).

While in the recent years the standard solar model approx-
imated a state apparently more and more compatible with the
observations, a whole series of basic problems became known
additionally, all being in possible connection with the solar ac-
tivity. Here I mention sixteen (16) related problems, firstly listed
here, some of them referred to in the literature as tantalizing
problems. I refer to this remarkable list of solar activity-related
problems as Tantalus’ astrophysical menu. The main dish on
this menu is the production of the activity-related phenomena,
the problem of the cycle itself (1).

On this list you can find the solar neutrino problem (2), one
of the central problems of the present day astrophysics, which is
strengthened and doubled by the accumulating signs of its time
variation (Problem 3, see e. g. Gavryusev, Gavryuseva 1994,
Haubold, Mathai 1994). The time variation of the solar neu-
trino flux now seems to point at the solar cycle changes of the
energy production of the Sun (Grandpierre, 1990 and below).
Most of the researchers think that the neutrino problem can be
explained in relation to the finite mass of the neutrino. Never-
theless, it is generally ignored or forgotten, that this seemingly
purely physical problem (i. e. not astrophysical, assuming that
the standard solar model satisfactorily describes all the related
phenomena) is accompanied with a whole series of possibly and
most probably core-related astrophysical problems. These are
the solar cycle variation of the frequency shifts of the low degree
p-mode oscillations (4), the puzzling difference between the fre-
quency shifts of the even [ = 0,2 and odd [ = 1,3 p-modes (5),
the activity-related rotation rate variations of the solar energy
producing core (6), the spin-down of the solar core to the sur-
face rate (7), the cycle-related global events (8), the flare-related
chemical anomalies (9), the nitrogen enigma (10), the heavy el-
ement enhancement of the solar corona and the solar wind (11,
12), the rigid rotation of the activity-generating centres (13),
and, without the aim of completeness, the cycle variation of
the solar luminosity (14), radius (15), and oblateness (16). All
these fundamental and tantalizing problems clearly show that
our simplified understanding is not sufficient concerning the
solar core. It is clear that any physical mechanisms (like the
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non-zero neutrino mass) cannot solve simultaneously the neu-
trino problem and the above listed astrophysical problems. This
is why these problems are ’tantalizing’. Moreover, any basically
atmospheric mechanism for the generation of activity phenom-
ena is in contradiction with these new measurements. Each of
the above problems in themselves, and all together at a highly
increased rate, calls for a theory considering the “generic con-
nection between the variations of solar activity and neutrino
fluxes. This is the most exciting and very difficult problem”
(Kocharov, 1992). It seems that even the slightest shadow of a
detailed physical mechanism is not known that could generate
the phenomena leading to the above problems.

2. The directives set up by the astrophysical problems

Recently Castellani et al. (1994a) pointed out that the neutrino
measurements led to a result that, provided that the neutrinos
are standard (massless), the pp chain is shifted towards the ppl
branch in comparison with the SSM predictions. It means that
either the cross section of the He? + He3(He? + He*) reac-
tions has to be larger(smaller) or the central temperature of the
Sun has to be smaller. The former case with varying the nuclear
cross sections does not work (Castellani et al., 1994b). In the
latter case the luminosity of the standard solar model should
be lower than the observed one. Therefore, an overlooked pos-
sibility shows up, telling that some processes are necessarily
present in order to produce the missing luminosity. These pro-
cesses have to be able to produce the missing solar luminosity
while they should produce less neutrinos (for a unit of produced
energy) than the solar core at temperature 7' = 1.5 x 107 K.
High temperature is necessary for the effective production of
high luminosity. Since the temperature in the solar core has to
be smaller than in the standard solar model (SSM), this high
temperature can only be supported locally, in very small vol-
ume. This process has to be explosive if the temperature is high
enough to give high luminosity in small volume. This explosive
process will not produce overcompensatingly large neutrino flux
because of the very small volume involved. On the contrary, the
neutrino flux remains relatively low, because the reactions pro-
ducing neutrinos are not enhanced to the remaining ones, since
at high temperatures all the energy producing nuclear reactions
occur in the rate given by the fuel supply. Moreover, the neu-
trino production is suppressed due to the large time scale of
the weak interaction. The quick depletion of the reaction con-
stituents of these reactions and the relative enhancement of the
much quicker reactions producing energy without neutrino pro-
duction lead to a relative neutrino flux suppression.

All nonstandard solar models working simply with a smaller
central temperature predict more reduction of the B® neutrino
flux than the Be’ neutrino flux. This fact seems to make cooler
Sun models incompatible with the experimental data. The higher
Kamiokande observed rate relative to the Homestake rate cannot
be explained in that way because cooler Sun models reduce the
expected B® flux more than the Be’ flux (see e. g. Castellani
et al., 1994b). Nevertheless, as it is first suggested by Turck-
Chieze and Lopes (1993), and later worked out a step forward
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by Haubold and Mathai (1994), the only astrophysical explana-
tion for the neutrino problem would be a greater reduction of
temperature in the region of energy production in the vicinity of
0.1 solar radius, than just in the central part where the B® neu-
trinos are produced. Nevertheless, I have to point out, that these
deviations from the temperature distribution predicted by the
SSM have significant consequences. They are consistent with
the observed solar luminosity only if a mechanism produces
the missing part of the solar luminosity, arising as a result of
the lower temperature, what is required for the (selective) sup-
pressions of the neutrinos with different energies. Since energy
production is a highly dependent function of the temperature, an
explosive mechanism is needed to make the model luminosity
consistent with the observed one. Haubold and Mathai (1994)
showed that a spiky time development of the temperatures of
some central layers of the Sun produces a neutrino flux with
the observed characteristics, i. e. a shock-like rise and a slower
decrease.

A fundamental problem is related to the frequencies of
the low degree p-modes. Despite the current, widely accepted
views, the SSM still seems somewhat fail to fit the observa-
tions. While the different measurements (Anguera-Gubau et al.,
1992, Elsworth et al., 1991) agree within 0.1uHz (note: the ob-
served amplitudes of the solar cycle related frequency shifts
are around 0.46.Hz), the difference from the closest theoretical
valuereaches 4-8:Hz (40-80c, see Table 9. of Turck-Chieze and
Lopes, 1993) and the discrepancies of the measured frequencies
of Toutain and Frohlich (1992) of the theoretical values reach
still 60c. As Turck-Chieze and Lopes (1993) noted, an opacity
change of 15-20% leads to 3-4uHz in the frequencies. Never-
theless, the recent results of Baturin and Ajukov (1994) show
that the data from solar seismology require even larger disrep-
ancies to the SSM. They pointed out that the solar model which
fits the helioseismological data is possible only with unnatural
opacity changes in the core (60% — 80% - so high!) and a de-
crease of the hydrogen content X in the centre to X=0.2. Some-
what expanding the solar models including the gradient of the
chemical composition in the radiative zone ("diffusion” models)
also would necessitate very large or even inconsistent opacity
changes. These deviations from the SSM may be produced by
some kind of extra energy transfer between the different layers
not included in the SSM. A local explosive process is necessary
to generate such kind of energy transfer.

Reguloetal. (1994) have shown that the correlation between
the low degree solar oscillations and the solar surface is clearly
present: ”’As the size of the effect is around 30% higher than the
one found using high degree modes, other phenomena (probably
related to magnetic fields) possibly occurring in the interior of
the Sun may be involved in these solar cycle-related frequency
shifts. Although low [ p-modes also suffer the surface effect
on their upper turning points, the higher variation found here
would suggest that another effect is present. Presumably this
effect will be active in the Sun’s interior where the low-degree
modes travel while the higher ones do not.” This suggests that -
contrary to the basic assumptions of the present day theories of
solar activity - actually the core itself participates in the activity
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cycle, its density, temperature changes with the cycle. Taking
into account the fact that the core is a highly sensitive system
(see Sect. 6), and its energy production rate (and so its aver-
age temperature) sensitively depends on the local temperatures,
even a few percent change in the macroscopic parameters of the
core results in a change of local luminosity production compa-
rable to the total one. So the presence of macroscopic, dynamic
processes in the solar core are related to local explosive pro-
cesses. The correlation of the frequency shifts of the low degree
solar p-mode oscillations with the neutrino flux is shown to
be statistically significant with more than 99.7% by Gavryusev
and Gavryuseva (1994). This correlation is considered to be a
tantalizing problem (Krauss, 1990). If the solar core shows ac-
tivity related changes (Regulo et al., 1994, Delache et al., 1993,
Goode, Dziembowski, 1991, 1993), its ultimate source has to
be in the deep ranges, involving the energy producing core. The
activity cycle of the solar core is necessarily based on explosive
processes because of the high temperature sensitivity (Grand-
pierre, 1990). Then a mechanism is needed for the transportation
of the changes from the core to the surface. If our conclusions
are supported by the further analysis, the SSM will have to be
extensively revised and completed.

Goode and Dziembowski (1991, 1993) have shown that the
solar seismology data suggest that the rotation rate of the solar
core changes in correlation with the surface activity. Although
these results represent only marginal evidences yet, they refuse
the still speculative assumption stating the constancy of the so-
lar core in this respect, too, and so it seems to be worthwile
to explore the possible consequences of these pioneering re-
sults, especially if other evidences point at similar conclusion.
Elsworth et al. (1995) measured a slowly rotating solar core
(440 nHz, or T' = 26%.3) from September 1992 to December
1993, aresult which seems to be consistent with the correlation
of the energy and neutrino production of the core with the sur-
face activity, in agreement with the correlation curve that Goode
and Dziembowski (1991) suggested (430 nHz for 1984 is con-
sistent with 440 nHz for 1993). To change the rotation rates in
the observed amount, a highly dynamical (and then explosive)
process has to work within the solar core, in correlation with
the surface activity cycle.

There are other signs showing that the energy producing
solar core as a whole could, in some way, be coupled with the
surface activity. Based on the standard theoretical model for the
Sun, the solar core spin down is a slow process. The “best solar
model” of Pinsonneault et al. (1989) shows that the rotation rate
of the solar core at r < 0.2R, should be 4 - 15 times faster than
the surface rate. In fact, despite the widespread trust in the SSM,
in this respect, too, observations showing that the average core
rotation rate (440 nHz) is similar to the surface rate (420 - 450
nHz) even for r < 0.2Ry (e. g. Elsworth et al., 1995) indicate
that the dynamics of the solar core is coupled to the solar wind
in some direct way. As Dziembowski and Goode (1993) noted:
” There is no satisfactory theory describing solar spin-down.
The unsolved problem is the mechanism of the upward angular
momentum transport in the radiative interior.”
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Oakley et al. (1994) pointed out, that the anticorrelation
between the Homestake solar neutrino capture rate and mag-
netograph measured photospheric equatorial magnetic flux is
stronger than the anticorrelation with the sunspot number, sug-
gesting a direct connection between the line of sight surface
magnetic flux and the line of sight neutrino production. Mord-
vinov and Tikhomolov (1994) have shown that perturbations
originated from the radiative core generate global events on the
Sun; sudden changes in the patterns of the giant cells set up
simultenously with the rotation rate change of the background
field, accompanied by the violent eruption of the solar and ge-
omagnetic activity and the neutrino production.

The nitrogen enigma (Kerridge, 1989) states that the
ISN/!*N rate is enhanced by 50%, from a value 2.9 x 102 of
3 x 10? years ago to a present day value of 4.4 x 10~3 (Kerridge
et al., 1991). It is just the opposite change of what the stellar
evolution models predict. To produce the observed enhancement
not only in the solar wind but also in the convective zone as a
whole, would mean that the rate of this enhancement is so enor-
mous that it exceeds the values by many orders of magnitude
allowed by the standard models for the solar convective zone.
This circumstance suggests that the solar surface is connected
to the core by channels which are isolated from the convective
zone, connecting the central regions with the subphotospheric
regions directly. These central regions have to produce signifi-
cant amount of heavy elements, like e. g. N, which is possible
only above 10® — 10° K, i. e. in a local explosive process. The
significance of the nitrogen-enigma is considered to be similar
to the neutrino problem” (Kerridge, 1989). Recent results sug-
gest that the solar wind is supplied continuously with material
of chemical composition different from that of the convective
zone and the photosphere (Sect. 9).

Spence et al. (1993) pointed out that inhomogeneities ex-
ist like “hot spots’, sunspot-nests, (or *pivot points’), which do
not participate in the shift towards the solar equator of the so-
lar activity patterns and at the same time they seem to generate
the solar activity. The existence of these rigid rotating inhomo-
geneities has ”such serious implications, as has the lack of solar
neutrinos for our understanding of solar structure”.

The solar diameter together with the neutrino flux data also
shows anticorrelations with the acoustic mode frequency shifts.
It was shown in a pioneering paper of Delache et al. ( 1993) that
this correlation points to a close coupling between the dynam-
ical processes detected in upper solar layers with perturbations
inside the Sun, down to the core.

3. The case against the MSW mechanism

Until the recent results of the solar neutrino flux measurements
it seemed that the best offered mechanism to solve the neu-
trino problem is the MSW effect. But now the results of the
GALLEX (GALLEX 1992, 1994), Homestake (Davis, 1993),
Kamiokande (Suzuki, 1994), and SAGE (Abdurashitov, 1994)
measurements exclude the working parameter ranges with a
high significancy. According to the recently measured average
values in the Am? — sin® 20 diagram, the until now allowed
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region for the MSW effect (2 x 1076 < Am? < 2 x 107%),
decreases to a point-like area around Am? = 1073 eV? and
sin?20 = 5 x 1072. Paterno and Scalia (1994) refer to this
fact as "hypotheses on non-conventional neutrino properties
are strongly disfavoured, except for the matter neutrino oscil-
lations, the latter surviving within very narrow limits”. The
absence of the day-night effect (Turck-Chieze et al., 1993)
seems to exclude with 90% confidence limit the parameter range
2 x 107%V?2 < Am? < 2 x 107eV? (their Fig. 6.2), which
excludes the remaining part, as well (see also Schramm, Shi,
1994).

Krastev and Smirnov (1991) actually modified the SSM in
order to get variations in the neutrino signals. Fitting the MSW
calculation to a time variation of only 2 SNU of the chlorine
detector (actually, it is observed as 2 SNU - 4 SNU), they had
to allow a relative density variation in the range of 16%! It is
remarkable that their results refer to perturbations situated in
the inner part of the Sun (r ~ (0.2 — 0.4) Ry, where Ry is the
solar radius). If the MSW theory needs a non-standard solar
model for being consistent with the observed time variations of
the neutrino fluxes, we have to ask first, whether the allowed de-
viancies from the SSM could cause alone the observed changes
or not! If we find (as it will be shown here by our model calcu-
lations) that these changes in themselves are able to interpret all
the observed data, we will not need the MSW at all. Actually,
such a significant variation would be excluded by present-day
helioseismology because such large discrepancy would lead to
a measurable variation of the sound speed.

Gavryusev and Gavryuseva (1994) noted that ’the GALLEX
result (1992) is in sharp contradiction with the predictions based
on the hypothesis that the solar magnetic field (the neutrino
magnetic moment) is responsible for the time variation of the
neutrino flux, and it is hence necessary to look more attentively
at the processes taking place inside the Sun’s core”.

4. The magnetic torsional oscillations of the solar core

It was suggested by Goode and Dziembowski (1991), that the
solar cycle changes of the rotation of the core are generated by
the magnetic fields in the form of torsional oscillations. It is
easy to estimate the rotational energy changes of the core in this
picture. The rotational energy change is

AE = (1/2) x 2/5mR? x (w? — w3) =5.36 x 10¥%erg, (1)
where we used for w; =445 nHz, w, =420nHz, m=1.58 x 1033g,
R.=0.4R(=2.8 x10°cm.Itisa large value, since if it was really
periodically given by the magnetic energy changes, in a volume
of a sphere with 0.4Rq , it would involve periodic magnetic
field changes with an amplitude of 20 - 30 kG. Since the global
field changes its polarity from one half of the cycle to the other
half, the field has to dissipate in every half cycle. Actually, the
reversal of the global field destroys the basic condition of the
torsional oscillation of the core, namely, the constant presence of
field lines connecting the different regions which are in torsional
oscillation.
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5. Radial mass movement as a possible cause of the variabil-
ity of the core rotation rate

Recently Kocharov suggested (1992), that the changes in the
core rotation rate are due to radial mass displacements from the
centre to 0.3Ry distance. A certain amount of mass with low
angular momentum leaves the core, which makes the rotation
of the core slower around 0.3R and quicker around the centre.
These turnovers (of unspecified origin) would also lead to the
transport of beryllium from the active centre to less active parts
of the core, which could be a mechanism for interpreting the
periodic decrease of the neutrino flux behind the theoretically
expected value. Here I estimate the necessary amount of masses
involved to decelerate the rotation of the core in the observed
rate. By using the conservation law of momentum,

01w = Bw; (2)
wy fwp = (m+ Am)/m = 1.07 3)
it follows that

Am=1.1 x 10*2g. 4

It means that the proposed mechanism could periodically de-
celerate and accelerate the rotation of the core in the observed
rate only if the mass of the hypothesized turnovers amounts to
0.07 solar core mass and the mechanism works in transferring
matter outwards in one half of the 22 years solar cycle period,
and inwards in the other half. It is clearly a significant mass
flow, and is related so directly to the reversal of the magnetic
field, that at least its basical physics should be outlined.

6. The pulsating-ejecting core model

Itis generally believed, that the luminosity of the Sun is directly
connected to the central temperature and so to the neutrino flux.
I point out, that the convective flare theory (CFT) works with an
additional energy producing mechanism, therefore solar models
free from this constraint of the SSM can be constructed.

The CFT predicted the existence of explosive processes in
stellar cores on a purely theoretical basis (Grandpierre, 1984).
These explosive processes are necessary to generate perturba-
tions large enough in space and amplitude, for which the actual
Rayleigh number is larger than the critical one, in order to be
able to trigger the convection in the (outer) convectively unsta-
ble zone. This means that a kind of explosive flow shoots matter
and energy from the core to the bottom of the outer convective
zone (Grandpierre, 1991). The explosive process in stellar cores
is the thermonuclear runaway, arising when mass movements
and magnetic fields are simultaneously present in the core. The
timescale of the runaways at the solar core is around 1075 s
(Grandpierre, 1990), while the time scale of the hydrodynami-
cal expansion is much larger, it is around 102 s (Arnett, Clayton
1970). It is shown below that these runaways offer a modifica-
tion of the SSM in a way to make it consistent with neutrino
flux observations and the core-related astrophysical problems.
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