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ABSTRACT

Although it is assumed that our primary source of energy began as a
homogeneous ball of hydrogen (H) with a steady, well-behaved H-fusion
reactor at its core, with abehaviour fully described by the simple Standard
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Solar Model (SSM), observations instead reveal a very heterogeneous,
dynamic Sun. There is evidence our Sun is everything but stable and this
variability may possibly have animpact on life on earth that is much larger

than the expected.

INTRODUCTION

The Standard Solar Model (SSM) isamathemati-
ca treatment of the Sun asaspherical bal of gaswith
thehydrogeninthedeep interior being completely ion-
ized plasma. Thesphericdly symmetric quasi-static el -
lar mode isdescribed by severd differentid equations
derived from basic physical principlesanditiscon-
strained by boundary conditionsasluminosity, radius,
ageand composition. The SSM providesestimatesfor
the helium abundance and mixing length parameter by
forcingthestellar modd to havethe correct luminosity
andradiusat the Sun’s age and provides a way to evalu-
ate more complex model swith addition of rotation,
magnetic fieldsand diffus on or improvementsof con-
vection. The SSM may change over timein response
to relevant new discoveriesbut only within the narrow
limitsof theunderlying theory. Therearemany sgnthe
standard solar model may not be correct, theremay be
condensed matter inthe Sun, and the Sun may havea
variableoutput that may affect the climate on Earth.
The paper triesto address all theseissues.
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MAY THE SUN BE COMPRISED BY
CONDENSED MATTER?

Thestandard solar model (SSM) assumesthe Sun
isasphereof gasinvariablestatesof ionisationwith the
hydrogen inthedeep interior entirely ionised plasma
Thelatest paper by Robitaill€?® providesevidencethe
coreof the Sunisinstead acondensed form of matter.

Despitetheoverwhelming evidencethat the Sunis
comprised of condensed matter, the SSM continuesto
be anchored on the gaseous plasma. The endurance of
thismodel isdueto the mathematical € egance of the
equationsfor the gaseous state, the apparent success
of themass-luminosity relationship, and thelong-lasting
influence of theleading proponentsof thismode . How-
ever, nodirect physical finding actually supportsthe
notion that the solar body isgaseous. All observations
areindeed most easily explained by recognizing that
the Sunisprimarily comprised of condensed matter.

Thereisapredominant belief in solar sciencethat
the problemswith the gaseous modd arenot many and
irrdlevant. Inredlity, the gaseousequationsof state have
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introduced more problemsthan solutions. Many of the
conclusionsinferred fromthe SSM havevery likely led
solar physicsto accept deductionswhich exhibit little
or no relationship to the actud nature of the Sun. Forty
“presented by Robitalille!® that the solar body iscom-
prised of and surrounded by condensed matter. The
“linesof evidence” are divided into seven broad cat-
egories. Planckian, Spectroscopic, Structurd, Dynamic,
Heliosaamic, Elementd and Earthly.

Thesolar spectrum, limb darkening, and thedirec-
tiona emissivity of many structures, from sunspotsto
granules, from facul ae to magnetic bright points, from
gpiculestotheK-coronaand the corona structures, al
highlight the presence of metallicand non-metalic ma:
terid withinthe Sun. Molecular hydrogen and themetd
hydridesimply that the chromosphereflash spectrum
reveal scondensation reactionsin the solar atmosphere.
Anactivated hdium cycleinthechromosphereharvests
hydrogen atomsand it enablesthemtore-jointhesolar
surface. Thecool-liquid-metdlic hydrogen-containing
K-coronarecycles electrons contributing to preserve
solar neutraity. The surfaceactivity and the orthogonal
arrangement of the photosphere and coronal flowsare
only compatiblewith condensed matters. The coronal
rain andloops, the spicular velocitiesand the splash-
down eventsall require condensed matters. Theslow
and fast solar winds a so suggest adynamic condensed
matter Sunisconstantly endeavouring to g ect materid.
The Sun oscillations, the mass displacements, theshape,
the interna layers, from the convection zone to the
tachoclineand the core, and theatmaosphericwavesal
imply the presence of solidsand liquidsin additionto
gases.

ISTHE SUN STABLE?

Peter Toth questioned in 1977 if the Sun was a
pulsar® finding periods which seem to describe the
Sun’s oscillation, an observed period of 2.65 h very
closeto 2.78 hthe predicted radid mode fundamenta
oscillation of the homogeneous moddl of the Sunand
an effect of magnetospheric origin wasreported to have
pulsationswith period of 2h40 min.

Many other signsof failure of the SSM have been
observed over the last 35 years. Although the SSM
assumesthat our primary source of energy began asa
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homogeneousbal of hydrogen (H) with asteady, well-
behaved H-fusion reactor at its core, there have been
observationsrevedling instead avery dynamic Sunz9,

Asexamples, theupward accel eration and depar-
ture of H ions from the surface of the quiet Sun and
abrupt climatic change, including geomagnetic rever-
salsand periodic magnetic stormsthat gject materia
from the solar surface are unexplained by the SSM.

The present magnetic fields are deep-seated rem-
nantsof ancient origin, probably generated by Bose-
Einstein condensation of iron-rich, zero-spin materia
into arotating, superfluid, superconductor surrounding
the solar core, and/or super-fluidity and quantized vor-
ticesin nucleon-paired Fermionsat the core.

Neutron repul sion energizes neutronsin cores of
heavy elements, those that burned on Earth ~ 2 Gyr
ago®, planets?, ordinary stars, and galaxies.

Linked variations between abundancesof light ee-
ments and certainisotopes of heavy e ementd*® pro-
vided early evidencethat the Sun birthed theentire Solar
System.

Ron Cowan*? reports the Voyager 1 spacecraft
may be gpproaching theedge of the Solar System, about
18 billion km (18 Gkm) from the Sun where the
heliosphere, thebubbl e of eectricaly charged particles
blown outwards by the Sun, givesway to interstellar
space. About ten billion, billion (~10%°) Earthscoul dfit
insdethisgigantic sphereof influencefilled withwaste
productsfromthe Sun’s pulsar core!@.

Recently, it has been discovered that the Sunin-
duces abrupt changesin Earth’s Van Allen radiation
beltd®¥ and isadriver of these systemsmorethan the
expected. Thetwo donut-shaped regions of high-en-
ergy and hazardous particlesnamed for their discov-
erer Van Allen are created by our planet’s magneto-
sphere. Throughout the brief early life of thetwo-year
mission of thetwinsVanAllen probes, energetic events
and g ections of plasmafrom the sun caused dramatic
changesintheradiation bdtsthat, for thefirs time, were
observed withinthebelts. In 2012, observationsfrom
theVanAllen Probes showed that athird belt can some-
timesappear’*¥. Theeruption of agiant prominenceon
thesun of Aug. 31, 2012 sent out particlesand ashock
wavethat travelled near Earth. Thiswas possibly one
of the causes of athird radiation belt that appeared
around Earth afew days|ater.
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Sincether discovery, VanAllenradiaion beltshave
been considered to consist of two distinct zones of
trapped, highly energetic charged particles, the outer
zoneiscomposed mostly of MeV eectronsincreasing
and reducingintendty ontimesca esranging from hours
todays, theinner zoneiscomposed of high energy elec-
tronsand very energetic positiveionsthelatter being
stableinintensity levelsover yearsto decades®. In
Stu spacecraft observationsreved anisolaedthirdring
of high-energy el ectronsthat formed on 2 September
2012 and persisted largely unchanged for morethan 4
weeksbefore being disrupted by apowerful interplan-
etary shock wave passage!.

Thesun seemsstatic, placid, and constant. But our
sun givesusmorethan just asteady stream of warmth
and light bathing Earth and therest of our solar system
of light, electrically charged particles and magnetic
fieldd®. The Sunisavariable star driving the space
environment of the planetsin our solar system*¢. The
distance of the Sunfromthe Earthisat light travelling
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speed 8 minutesand 19 seconds. The Sun hasadiam-
eter of about 109 timesthat of Earth, amass of about
330,000 timesthat of Earth, and it accountsfor about
99.86% of the total mass of the Solar System. This
variable star fluctuates on times scalesranging froma
fraction of asecond to billionsof years. Solar flares,
corona masse ections, high-speed solar wind, and solar
energetic particlesareall formsof solar activity.

A solar flareisanintense burst of radiation coming
from the rel ease of magnetic energy associated with
sunspots. Flaresare seen ashbright areason thesun and
they can last from minutesto hours. A solar flarere-
leases photonsat most every wavel ength of the spec-
trum andisaso asitewhere particles (electrons, pro-
tons, and heavier particles) are accelerated. A solar
prominenceisalargeisabright feature extending out-
ward fromthe Sun’s surface. A prominence forms over
timesca esof about aday, and stable prominencesmay
persst for severa months. How and why prominences
areformedisstill amystery.

Figurel: Sunweather: a- Giant prominenceon the Sun erupted on Aug. 31, 2012 (from™®!) Credit: NASA/SDO/AI A/goddar d
spaceflight center; b - Prominenceeruption captured on May 3, 2013 (from?Y) Credit: NASA/SDO/AIA; c- Coronal mass
g ection (CM E) escaping the Sun on April 25, 2013 (fromi?) Credit: ESA& NASA/SOHO; d - Full year composite pictureof
theSunApril 16, 2012, to April 15, 2013 (from®!) Credit: NASA/SDO/AIA/S
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Figure 1.apresents apicture of the giant promi-
nence onthesun erupted onAug. 31, 2012 sending out
particles and a shock wave that traveled near Earth.
Thisevent may have been one of the causesof athird
radiation belt that appeared around Earth afew days
later, a phenomenon that was observed for the very
first timeby the newly-launched VanAllen Probes.

Figure 1.b presentsaburst of solar material |eaps
off theleft Sdeof thesun inaprominence eruption cap-
turedonMay 3, 2013, just asan M 5.7 classsolar flare
from the sameregion wassubsiding.

Thecoronaisstructured by strong magneticfields.
Coronal mass g ections occur wherethesefieldsare
closed the confined solar amosphere can suddenly and
violently rel ease bubbles of gasand magneticfields.

High-speed solar wind streams come from areas
on the sun known as corona holesformed anywhere
onthesun. Solar energetic particlesare high-energy
charged particles, primarily thought to berel eased by
shocksformed at thefront of coronal mass g ections
and solar flares. Coronal holesarevariablesolar fea-
turesthat canlast for weeksto months. Theseholesare
rooted in large cellsof unipolar magneticfieldsonthe
sun’s surface; their field lines extend far out into the
solar system. Theseopenfield linesallow acontinuous
outflow of high-speed solar wind.

Figure 1.cpresentsacorond masseection (CME)
escaping the sun on April 25, 2013, the second of
two CMEs in the space of 12 hours, both heading
away from Earth toward Mercury. Figure 1.d presents
afull year composite pictureof the Sun. Thisimageis
acompositeof 25 separateimages spanning the pe-
riod of April 16, 2012, toApril 15, 2013. It usesthe
SDOAIA wavelength of 171 angstromsand reveals
the zones on the sun where active regions are most
common during this part of the solar cycle. Figures
1.a, b, cand d areonly afew qualitative examples of
apparently far from stable and homogeneous hydro-
genSun.

ISTHE SOLAR IRRADIANCE VARIABLE?

Sungpotscontain strong magneticfid dsthat arecon-
stantly shifting and form and dissipate over periods of
days or weeks. Over the last 300 years, the average
number of sunspotshasregularly oscillated inan 11-
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year (on average) solar sunspot cyclethat isconsid-
ered themain solar cycle. However, the 11-year cycle
isactudly part of a22-year cycleof the Sun’s magnetic
field polarity also acknowledged. It isthe genera un-
derstanding that the brightness of the Sun changes
throughout the sunspot cyclefollowing the number of
sunspots. However, measurements of total and spec-
trd irradianceareonly available s ncerecently, with many
instrumental issuestill unresolved, and dsothecyclic
regular changing brightnessmay be questioned.

Thereisaconsensusthetota solar irradiance may
changeby about 0.1% during acycle, but certainwave-
lengthsof sunlight suchasultraviolet vary moré™, while
thereisdisagreement about whether thelast three solar
cycleshavegotten successively brighter®9, If the gen-
erd understandingisthat irradiance cycleshave been
about the samein the last three sunspot cycles, one
group reported an increasing trend whereas another
group reported adecreasing trend over the entire 30-
year record.

Only continuous, highly accurate, and stablelong-
term measurements may clarify if and how much the
Sunirradianceischanging. In addition to themeasure
of thechangesintheoveral irradiance, so ameasure
how specific partsof the spectrum arechangingisrel-
evan.

The Solar Irradiance Monitor (SIM) aboard the
SORCE satellite measureshow individua partsof the
spectrum vary. Figures 2.ato 2.h present the sunspot
number (datafrom™7) and the spectral irradiance at
different wavel engths (datafrom(*®). Whilethe spec-
tral irradiance at somewave engthsas20.5 and 120.5
nm correl ate to the sunspot number, the spectral irra-
dianceat other wavelengthsas 300.5, 500.08, 685.95,
897.83 and 1097.55 does not correlateat al. Figures
2.1 and 2.j present the sun total irradiance (data
from(8), The correlation with the sunspot number is
much lessthan the claimed even considering only one
cycle. During 2003 the number of sunspotswas sig-
nificantly larger thanin 2012 but thetotal solar irradi-
ancewassmaller.

Instrumental errorsare substantia and the period
coveredistoo short to provetheclaimed existenceof a
good correlation in between the number of sunspots
andthesolar irradiance. Actudly, Figure2 morelikely
showsthe underestimated variability of thesun.
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Figure2: (a): sungpot number; (b) to(h): measured Sunradianceat different wavelengthsover thelast decade (fromi*1¥). One
year moving aver agessuperimposed. Thesun radianceat differ ent wavelength doesnot follow thesungpot number inthesame
way; (i): measured total solar irradiance (from{*"8); (j): sunspot number over the sametimewindow. Oneyear moving
aver ages superimposed. During 2003 the number of sunspotswaslarger than in 2012, but thetotal solar irradiancewas

smaller.
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MAY THE SUN BE RESPONSIBLE OF THE
RECENT CLIMATE CHANGE?

The Total Solar Irradiance (TSI) measurements
made by the SORCE mission since February 2003 and
the historicd reconstructed annud TSI valuesfromthe
year 161118 do not support thetheory that the Sunis
respons bleof the*hiatus” in the warming hypotetically
caused by theincreasing heat uptake because of the
changed composition of theatmosphere. Nonethel ess,
the Sun output datashow interesting S milaritiesbetween
the surface air temperatures — or at least the recon-
struction made of thesetemperatures - and the solar
output.

Theoutput fromthe Sun tendstowax and waneon
an 11-year cycle. This natura cycleis currently ap-
proachingitspeak, but evenif the present sun spot num-
ber islow for apeak, the actual measurements of the
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total solar irradianceincident upon Earth’s atmosphere
over al wavelengthsis about the same valuesof 11
yearsago, with differencesthat arewithin theaccuracy
of themeasurement*8.,

If wedo consider the historical reconstructed total
solar irradiancefrom 1850 to present™®, and the Ber-
keley Earth® global seaand land air surfacerecon-
structed temperatures since same year, the Sun output
hasbeenincreasing smilarly to theglobal averageair
seaand land reconstructed temperatures, evenif the
correlation in between the two parameters seemsre-
duced especially over thelast 50 years.

Figure 3isthetotal solar irradiance reconstructed
aswdl asthereconstructed global seaandland air sur-
facetemperature. The Sun output isclearly not respon-
siblefor themissing heat uptake sincethe beginning of
thiscentury, but may account at least in part for the past
increased heat uptake. Thetotal solar irradianceisin-
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Figure3: (a): Reconstructed total solar irradiance (datafrom(®); (b): reconstructed global land and seaair surfacetempera-

tures(datafrom!®!)
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creased of only 0.691 W/m? over thelast 100 years,
corresponding to aminimal +0.05 %. The Berkeley
Earth data set suggestsfor the period 1910 to present
the presence of aquasi-60 years oscillation about an
almost constant warming trend totalling 0.77 °C over
100 years. Therefore, the Suniscertainly morerespon-
sblefor thewarming sincetheyear 1910thanthe“hia-
tus” since the year 2000, even if the contribution in
termsof tota solar irradiance seemsminimd.

Over varylongtimescdes, variationsin Earth’s orbit
have been very likely themain cause of ice ages, with
the Sun output being practically stable. However, the
Sun hascertainly produced more Sun spotsin recent
decadesthaninthe 1800s. Theincrement of Sun spots
may al so reflect anincreasein theultraviol et range of
sunlight, and the actual impact of changesin the Sun
output at different wave lengths or theimpact of the
Sunweather isbasically unknown. Changesinthera
diative output of the Sun clearly affect theenergy bal-
ance of the Earth’s surface, but changes in the solar
spectrum, in particular inthe UV, may amplify thisinflu-
ence by affecting stratospheric chemistry. The Sun may
influencethe Earth’s climate also in other complicated
ways by modulating theflux of cosmicraysand similar.

CONCLUSIONS

Our Sunisnot exactly stable, and thereiscertainly
much moreto understand in the behaviour of the Sun
that what isrepresented in the SSN or what isguessed
from counting the number of Sun spots.

Thereisevidencethat thisvariable Sun may pro-
duce congtantly changing climate conditionson our very
close Earth, and these effects may bemuch larger than
what isexpected.

Morethan simpletheories, high quality complex
measurements are needed to better understand the
behaviour of our Sunand our climate.

The Sunirradianceisnot responsiblefor the global
warming “hiatus” since the beginning of this century.
Theincreased Sunirradiance over the past century may
have contributed to thewarming, but itisnot certainly
theonly driving for thewarming movement of thelast
century.

Moreresearchiscertainly needed to understand
our Sun and the mechanism the Suninfluencesthecli-
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mateon Earth.
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