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Our Sun has confronted humanity with overwhelming evideheg it is comprised of
condensed matter. Dismissing this reality, the standded swodels continue to be an-
chored on the gaseous plasma. In large measure, the endwfathese theories can be
attributed to 1) the mathematical elegance of the equafmrtbe gaseous state, 2) the
apparent success of the mass-luminosity relationship3attte long-lasting influence
of leading proponents of these models. Unfortunately, mectliphysical finding sup-
ports the notion that the solar body is gaseous. Withoutmia® all observations are
most easily explained by recognizing that the Sun is pritpadmprised of condensed
matter. However, when a physical characteristic pointsotmlensed matteg postori
arguments are invoked to account for the behavior usingdbea@ys state. In isolation,
many of these treatments appear plausible. As a resultaengs models continue to
be accepted. There seems to be an overarching belief inssidance that the problems
with the gaseous models are few and inconsequential. lity;ghky are numerous and,
while often subtle, they are sometimes daunting. The gasequations of state have
introduced far more dilemmas than they have solved. Mank@tbnclusions derived
from these approaches are likely to have led solar physies dmproductive avenues,
as deductions have been accepted which bear little or ntioredaip to the actual nature
of the Sun. It could be argued that, for more than 100 yeaesg#seous models have
prevented mankind from making real progress relative t@ustdnding the Sun and the
universe. Hence, the Sun is now placed on trial. Forty lifesvaence will be pre-
sented that the solar body is comprised of, and surroundezbhglensed matter. These
‘proofs’ can be divided into seven broad categories: 1) €dem, 2) spectroscopic,
3) structural, 4) dynamic, 5) helioseismic, 6) elementatj &) earthly. Collectively,
these lines of evidence provide a systematic challengeetgabeous models of the Sun
and expose the many hurdles faced by modern approachesrv@tizssal astronomy
and laboratory physics have remained unable to propertifjudaims that the solar
body must be gaseous. At the same time, clear signs of coedienatter interspersed
with gaseous plasma in the chromosphere and corona havedggettably dismissed.
As such, itis hoped that this exposition will serve as artation to consider condensed
matter, especially metallic hydrogen, when pondering tiesp of the Sun.

The Sun is a world so flerent from our own . ..
However [relative to understanding its structure],
one must not lose heart; over the past few years sci-
ence has made a lot of progress, and those who come
after us will not fail to make even more.

the concept that the Sun was a ball of gas surrounded by con-
densed matter [2, 3].

Others, of equal or greater prominence, including August
Ritter, Jonathan Lane, Franz Schuster, Karl Schwarzschild
Arthur Eddington, Subrahmanyan Chandrashekhar, and John

Father Angelo Secchi, S.J., 1875 [1, p. 300, V.I]Bahcall, would have their chance to speak [2,3]. The Sun
_ became a fully gaseous plasma.
1 Introduction As a consequence, the gaseous Sun has imbedded itself
A long time ago, men like Gustav KirchffpJohann ZélIner, at the very foundation of astronomy. Few would dispute that
William Thomson (LOI’d Kelvm)’ and Jam-es- Je?‘ns Vie-we-d fIn the mid-1800s, five great pillars had given birth to the egass
the photosphere (Or the solar bOdy) as existing in the “q"ggn: 1) Laplace’s Nek;ular Hypothesis, 2) Helmholtz’ coctitm theory,

state [2, 3]. Despite their stature, scientists, since #ys®f 3) cagniard de la Tour's critical phenomena and Andrewcaii tempera-
Herbert Spencer and Angelo Secchi, slowly drifted towardses, 4) Kirchhé's formulation of his law of thermal emission, and 5) the
discovery of pressure broadening in gases. Each of theqedadsusly been
*Translations from French were executed by the author. addressed in detail [2].
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the Sun is a gas and that our understanding of all other staesame the solution to every puzzle [12], even though gases
and the entire universe, is inherently linked to this rgalitare incapable of their generatibrOver time, theoretical ap-
Therefore, any endeavor to touch the phase of the Sun marstaches claimed one victory after the next, until it seemed
be viewed as an attempt to reformulate all of astronomy. as if the Standard Solar Models [11, 13, 14] were unshakable.
Yet, when astrophysics remained a young science, éases were inappropriately endowed with all of the proper-
servational astronomers, such as James Keeler, Edwin Fittgs of condensed matter.
and Charles Abbot [4], objected to the theoretical basis for In reality, a closer examination would have revealed that
a gaseous Sun. August Schmidt was the first to mathemeitgny theoretical achievements were inapplicable. Some of
cally dismiss the solar surface as illusion. Speaking of, hithe dificulties stemmed from improper experimental conclu-
Charles Abbot, the director of the Smithsonian Observatains. The universality of several laws [15-20], on whiah th
would write, “Schmidt’s views have obtained considerablentire solar framework rested [9, p. 27-58], was the product
acceptance, but not from observers of solar phenoméha” of faulty assumptions [21-24]. These errors were introduce
p.232]. In 1913, Charles Maunder made the point even mavken theoretical physics remained in its infancy. But now,
forcefully, “But under ordinary conditions, we do not see thghey were governed by other branches of physics (i.e. black-
chromosphere itself, but look down through it on the photbedy radiation and condensed matter physics [15-20, 25]),
sphere, or general radiating surface. This, to the eye, céet by astronomy. The most pressing problems were never
tainly looks like a definite shell, but some theorists havanbeproperly solved by the physics community [21-24].
so impressed with the ficulty of conceiving that a gaseous Solar theory was replete with oversights and invalid as-
body like the Sun could, under the conditions of such stupsnmptions, but the shortcomings would be extremefiyailt
dous temperatures as there exist, have any defined limik,at tl detect. Problems which were ‘solved 100 years ago’ still
that they deny that what we see on the Sun is a real boundéurgked in the background [19,20]. Too much forward progress
and argue that it only appears so to us through tlffects of was desired with too little attention paid to the road tradel
the anomalous refraction or dispersion of light. Such thesr Most viewed that only a few minor problems remained with
introduce dificulties greater and more numerous than thoggaseous equations of state [13,14]. Evidence that the Ssin wa
that they clear away, and they are not generally accepted byt a gas was dismissed with complex schemes often requir-
the practical observers of the SufB, p. 28]. Alfred Fowler, ing the suspension of objectivity.
the first Secretary of the International Astronomical Union Nonetheless, many lines of evidence had revealed that the
shared these view&The photosphere is thus regarded as ahody of the Sun must be comprised of condensed matter (see
optical illusion, and remarkable consequences in relation Table 1). Slowly, arguments initially advanced by men like
spots and other phenomena are involved. The hypothesis@pstav Kirchhd [26] and James Jeans [27, 28] began to re-
pears to take no account of absorption, and, while of a cartaémerge. Moreover, they were joined by an arsenal of new
mathematical interest, it seems to have but little applarat observations. Today, at least forty proofs can be found dis-
to the actual SunT7]. puting the gaseous nature of the Sun. There are surely more
With time, however, the voices of the observational at® be discovered.Conversely, not one direct proof exists that
tronomers were silenced by the power and elegance of the body of the Sun must be considered a gaseous plasma.
mathematical arguments [2, 3]. Those who could not follow It is clear that the lines of evidence for condensed mat-
sophisticated theory could no longer become professianal@r which are contained heréiare worthy of a cohesive dis-
tronomers. At Cambridge, the Mathematical Tripos becar@iéssion. For the purpose of this presentation, they areisubd
and remained an accepted path to a Ph.D. degree in astriged and reorganized into seven broad categories: 1) Rlanc
omy [8]. Theory [9-14T, rather than observation, came téan, 2) spectroscopic, 3) structural, 4) dynamic, 5) helios
dictate the phase of the Sun and all solar phenomena waie, 6) elemental, and 7) earthly. Each proof will be dis-
explained in terms of a gaseous entity. cussed relative to the liquid metallic hydrogen (LMH) model
As gases are unable to support structure, additional mebifs 39, 47, 48] wherein condensed hydrogen, pressurized in

were adopted to explain solar observations. Magnetic fielfl§ solar interior, assumes a graphite-like lattice on the-p
tosphere [39, 40, 45, 48], a more metallic nature in sunspots

*Eddington’s mass-luminosity relationship [9, p. 145-19@jds as one and faculae [40,45,52], afflise presence in a somewhat cool
of the great triumphs of the gaseous models. Today, thisniinidi well es-
tablished in observational astronomy and Eddington'svdéan is worthy of TMagnetic fields are the product of underlying microscopiactire in
adetailed treatment. Due to space limitations, the toplicet be addressed condensed matter. As such, whenever a magnetic field isajedesn Earth,
herein. Stice it to state that Eddington’s derivation was dependentien tcondensed matter must be involved, either to directly geaet, or to cause
validity of Kirchhoff's law and no ort has been made to account for théhe ordered flow of charge.
relationship if the stars were made of condensed mattehédsame time, it *Solar astronomers, upon further consideration, will reizgthat their
must be noted that through the mass-luminosity relatignsin observation own subject areas might also provide additional lines alewce. With time,
linked to distant objects, came to dictate the phase of time The relation- these complimentary proofs will eventually surface.
ship is not contingent on the behavior of the Sun itself,alth the latter §The author presents a complete list of his relevant worké,[29-62]
does lie on the main sequence of the stars. in order to facilitate the study of these problems.
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I. Planckian Lines of Evidence§2 p. 92 IV. Dynamic Lines of Evidence§5 p. 118
1. Solar Spectrur§2.3.1 p. 95 25. Surface Activity5.1 p. 118
2. Limb Darkening§2.3.2 p. 97 26. Orthogonal Flow$.2 p. 121
3. Sunspot Emissivit$2.3.3 p. 98 27. Solar Dynanf®.3 p. 121
4. Granular Emissivitg2.3.4 p. 100 28. Coronal Rafb.4 p. 122
5. Facular Emissivitg2.3.5 p. 101 29. Coronal Looggs.5 p. 123
6. Chromospheric Emissivit§2.3.6 p. 102 30. Chromospheric Condensagibré p. 124
7. K-Coronal Emissivity§2.3.7 p. 103 31. Splashdown Eveg&7 p. 125
8. Coronal Structure Emissivi§2.3.8 p. 103  32. Solar Winds and the Solar Cy§3eB8 p. 125

Il. Spectroscopic Lines of Evidence§3 p. 104 V. Helioseismic Lines of Evidencg6 p. 127

9. UV/X-ray Line Intensity§3.1 p. 104 33. Solar Body Oscillatio§$.1 p. 127
10. Gamma-Ray Emissic§8.2 p. 104 34. Mass Displacemeyt.2 p. 128
11. Lithium Abundance$§3.3 p. 105 35. Higher Order Shapé.3 p. 129
12. Hydrogen Emissio§3.4 p. 106 36. Tachocline and Convective Zogés! p. 129
13. Elemental Emissio§3.5 p. 108 37. Solar Cog6.5 p. 129
14. Helium Emissior§3.6 p. 109 38. Atmospheric Seismolo§§.6 p. 129

15. Fraunhofer Absorptio$3.7 p. 112
16. Coronal Emissiof§3.8 p. 112

lIl. Structural Lines of Evidence §4 p.114 VI. Elemental Lines of Evidence§7 p. 129
17. Solar Collapsé4.1 p.114 39. Nucleosynthegg.1 p. 129

18. Density§4.2 p. 115

19. Radiug$4.3 p. 115

20. Oblatenes§4.4 p. 115 VII. Earthly Lines of Evidence §8 p. 130
21. Surface Imagin§4.5p.116 40. Climati¢8.1 p. 131

22. Coronal HolefRotation§4.6 p. 116

23. Chromospheric Exte§#.7 p. 117

24. Chromospheric Shaj§d.8 p. 118

Table 1: Forty Lines of Evidence for Condensed Matter — The &uTrial.

corona [57,58, 60], and a solid character in the core {50]. 2 Planckian (or Thermal) Lines of Evidence

Of these lines of evidence, the thermal proofs will al|=he Sun emits a spectrum in the visible and infrared region

ways remain (_:entral to undqrstandmg the cpndensed nag*rﬁ]e electromagnetic spectrum (see Fig. 1) whose detailed
of solar material. They are tied to the most important ques-

. . : o -.analysis provides a total of eight lines of evidence reéativ
tions relative to light emission [15-20] and have the @blhﬁ) th)é pr:sence of condensedgma‘ttd?or gaseous models,

to directly link physical observation to the presence of a Volar emission must be explained using the most complex
brational lattice, a key aspect of all matter in the condelnsef . - .

; ) . . of schemes, resting both on the validity of Kircltfie law
phase [21-24]. Hence, the discussion begins with the tHer hermal emission [15, 16] and on theslar opacity prob-
lines of evidence, as inherently related to blackbody Fad|g '

tion [15-25, 63] and to the earliest scientific history of the [42]. . . : .
sun[2,3]. Agassi reminds us thdBrowsing through the literature,

one may find an occasional use of Kirclffi® law in some

“The model adopts a liquid state for the surface of the Sunhiass
in keeping with macroscopic observations. However, anneld structural fThese proofs require the longest descriptions, as theytmany con-
lattice, not simply a random assembly of degenerate at@ngguired, as cepts in physics. Since they deal with thermal phenomersy, ¢an also
demonstrated ir§2. Of course, on the scale of solar dimensions, evenbe referred to as th#lanckian’ lines of evidence, in recognition of Max
material with the rigidity of a solid on Earth (i.e. with a higlastic modu- Planck’s contribution to this area of physics [19, 20]. Bey@hysics, Max
lus), might well appear and behave macroscopically as allign the photo- Planck’s philosophical writings (see references in [641)l @ersonal con-
sphere. duct [65], despite the evil of his times, have much fieoto modern society.
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W |Visble] Inrared ——— independent of the form and nature of the bodies, being de-
termined by the temperature alone ... In the interior themef

of an opake red-hot body of any temperature, the illumimatio

is always the same, whatever be the constitution of the body
in other respects|16, §16].7

Blackbody radiation was governed strictly by the temper-
ature and the frequency of interefhe nature of the walls
was irrelevant Kirchhoff introduced the idea that blackbody
radiation somehow possessecduaiversal’ significance and
was a property of all cavities [15, 16].

Eventually, Max Planck [19, 20] provided a mathemati-
cal form for the spectral shape of blackbody emission sought
(adapted from Fig. 1-3 in [66]). To a first approximation, g by Kirchhoff [15, :!'6]' Kirchhdfs law becam_e '”Qra'”ed In
lar spectrum is very nearly identical to that of a blackbodghva Planck’s formulation [20§24-§62]. By extension, it also be-
temperature 0£5,800 K (dashed line). came an integral part of the laws of Wien [17] and Stefan [18],

as these could be simply derived from Planck’s equation [20,
§31-§60]. In turn, the laws of radiation, came to form the
experimental physics, but the only place where it is treatedyery foundation of the gaseous models (see e.g. [9, p. 27-58]
all seriously today is in the astrophysical literaturg3]. In Since blackbody radiation was thought to be ¢iiver-
reality, it would not be an overstatement to argue that Kirchg' nature andndependent of the nature of the walldax
hoff’s law [15, 16] constitutes the very core of accepted sptanck, was never able to link his equation to a direct phys-
lar theory. Any problems with its formulation would sengka| cause [21, 23, 24]. He spoke of any such attempt as a
shock waves not only throughout stellar astrophysics, ®utkopeless undertaking20, §41]. In this respect, blackbody
every corner of modern astronomy. Hence, the discussi@@iation became unique in physics. Planck’s equation was
with respect to the thermal lines of evidence commences Wik linked to anything in the material world, as Kirctftis
a review of Kirchhdi's law [15, 16] and of blackbody radia-|a\ [15, 16] had dictated that the process was detached from
tion [17-25]. This will be followed by an overview of thes?)hysical causality [20, 21].
principles, as applied to the Sun and the resulting solac-0pa \wjith his law, Gustav Kirchhfiwas informing the physics
ity problem [42]. community that the light emitted by an object will always
L . ) correspond to the sameniversal’ spectrum at a given tem-
2.1 Blackbody Radiation and Kirchhoff’s Law perature, provided that the object be enclosed and thesentir
The author has previously stated thatirchhoff's law is  system remain at thermal equilibrium. Any enclosure con-
one of the simplest and most misunderstood in thermodynésined the same blackbody radiation. The nature of the enclo
ics” [24].* Formulated in 1860 [15,16], the law was advanceglire was not relevant to the solution, given that it was truly
to account for the light emitted from objects in response ¢paque. Perfectly reflecting enclosures, such as those made
changes in temperature. Typically, in the mid-1800s, the glom silver, should function as well as perfectly absorbing
jects were black, as they were covered with soot, or blagkclosures made from graphite or coated with carbon black.
paint, for best experimental results [21, 23,24]. Thuss thi |n reality, KirchhdT erred in believing that the nature of
field of research became known as the studybtdckbody
radiation’ [21, 23, 24]. Kirchhdf attempted to synthesize an TN%ebhOV‘_’ thisd'aSt sentence m‘metgiate'g_ ”tT,‘P”Ed _g‘mf:;;_”f’_‘:’m "t“t‘f'
overarching law into this area of physics in order to bring gy c'c2n ot iniensiy versus frequency) as that e blackbody
certain unification to laboratory findings. At the time, pltgs at the temperature in question.
was in its infancy and theorists hoped to formulate laws with *In processes where light is emitted, there are five aspeaisrisider:

‘universal’ consequences. Such was Kirclfﬂ’mgoal when 1) the physical setting, 2) separate energy levels createthis setting,

. . . 3) a transition species which will make use of these energgide 4) the
his law of thermal_emlss!on was devised. production of a photon, and 5) an equation. For instancelforanw ra-
The heart of Kirchhfi’s law states that|f a space be en- giation these correspond to 1) the hydrogen atom, 2) the tearenic or-

tirely surrounded by bodies of the same temperature, so thiglls involved in the transition — principle quantum nurrdli=2 and N=1,
no rays can penetrate through them every pencil in the -r’ﬁ_the electron as the transition species, 4) the Lym@mission at 1216A,

. . . nd 5) the Rydberg formula. Alternatively, in speaking @& groton nuclear
terior of the space must be so constituted, in regard to gnetic resonance line from water, these correspond tbelhydrogen

quality and intensity, as if it had proceeded from a perfecthioms of the water molecules placed in a magnetic field, 2yydeogen nu-
black body of the same temperature, and must thereforeclser spin up or spin down states, 3) the hydrogen nuclearaspa transition
species, 4) the hydrogen line at 4.85 ppm, and 5) the Larmaatem. Anal-

*A detailed series of publications related to the analysiKiofhhoff's  ogous entries can be made for any spectroscopic procesgsicghwith the
law has previously appeared. These can be consulted by Wiusaseek a exception of blackbody radiation. In that case, only theattd 5th entries
more extensive discussion of the subject matter (see [J1L—24 are known: 4) the nature of the light and 5) Planck’s equddn.

Solar Irradiance

T T T T T T
500 1,000 1,500 2,000 2,500 3,000
Wavelength (nm)

Fig. 1: Schematic representation of the visible spectruth®fSun
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the enclosure did not matter [21-24]. Perfectly reflecting e  The universality which Kirchhid sought was not present.
closures manifest the radiation of the objects they contait Regrettably, Max Planck had embraced this concept and, as
blackbody radiation (see [22] for a proof). To argue othsewia direct consequence, blackbody radiation was never linked
constitutes a violation of the First Law of Thermodynamict a direct physical cause. Tragically, the astrophysioai
Furthermore, if Kirchhé’s law was correct, any enclosednunity would come to believe that blackbody radiation could
material could serve as an experimental blackbody. But, ldd® produced without the presence of condensed matter. Upon
oratory blackbodies are known to be extremely complex dhis ex nihilogeneration, it built the foundations of a gaseous
vices, typically involving the use of specializ&tearly per- Sun [9, p. 27-58] and the framework of the universe.
fectly absorbingmaterials over the frequencies of interést.

Max Planck believed thdt ..in a vacuum bounded by 2.2  Kirchhoff’s Law, Solar Opacity, and the Gaseous
totally reflecting walls any state of radiation may persist” Models of the Sun
[20, §61]. In itself, this was contrary to what Kirchfichad

stated, as noted above, . In the interior therefore of an Civen thermal equilibrium, Kirchhd's belief that all opaque

opake red-hot body of any temperature, the illumination enclosures contained blackbody radiation had prpfounel con
always the same, whatever be the constitution of the baiAUeNces for astronomy. If the Sun was considered to be
in other respects’16, §16]. Throughout his text on ther-2" enclosure operating under thermal equilibrium, then by

mal radiation [20], Max Planck repeatedly introducesraall  Kirchhoff’s law, it was filled with blackbody radiation (e.g.
carbon particle’to ensure that the radiation he was treatirlg: P-27~58l). Nothing was required to produce the radfatio
was truly black [21,23]. He viewed the particle asata- other than adherence to Kirchis condition. Even so, use

lystand believed that it simply accelerated the move towarRist"e laws of thermal emission [15-20] explicitly required
black radiation. In reality, he had introduced a perfect alii€ Presence of thermal equilibrium in the subject of irgere
sorbefemitter and thereby filled the cavity with the radiatiolf-€- conductionand convection must not be present [21--24]
desired (see [22] for a proof). If Kirchifis law was correct, ~ AS for the Sun, it operates far out of equilibrium by every
this should not be necessary. The carbon particle was m{RgasuUre, emitting a large amount of radiation, but absgrbin
more than a simple catalyst [21, 23]. essentially none. Furthermore, it sustains cledieténtial

Another repercussion to Kirchfics statement was thecon\/_ection currents on its surface, as reported long ago by
belief that objects could radiate internally. In fact, Riien C@Tington [67,68]. Consequently, how could the proposient
would use this approach in attempting to derive Kircfilso of the gaseous models justify the use of the laws of thermal
law (see [20, p. 1-45]). Yet, conduction anbr convection emission to treat the interior of the Sun [9,13,14]? How doul
properly govern heat transfer within objects, not intemaal 20 object like the Sun be considered enclosed?

diation. Thermal radiation constitutes an attempt to aghie Arthur Eddington viewed the Sun as filled with radiation
equilibrium with the outside world. which was essentially black. For him, the Sun acted like a

The idea that all opaque enclosures contain blackbody /1Y leaking sieve [9, p. 18]. In speaking of the applioat
diation was demonstrably false in the laboratory and KircRl Stefan's law [18] to the solar interior, Eddington argued
hoff’s law of thermal emission, invalid [21-24]Rather, the 10 & Very high degree of approximation the last two results
best that could be said was that, at thermal equilibrium a§ immediately applicable to the interior of a star. It isier
in the absence of conduction or convection, the absorpfiorf3At the radiation is not in an ideal enclosure with opaque
radiation by an object was equal to its emission. This w4&lls at constant temperature; but the stellar conditiops a
properly formulated by Balfour Stewart in 1858, one year bBoach the ideal far more closely than any laboratory exper-
fore Kirchhdt developed his own law [22, 25]. iments can do'(9, p. 99-100]. He justified these statements

based on theery opaquaature of stellar material which he

“For an extensive list of references on laboratory blackémdind the inferred by considering a distant star, Capella [9, p. 100].
materials used in their preparation, see [23]. Stefan’s law codified a fourth power dependence on tem-

In his derivation, Planck did not permit his volume-elensetut reflect ;
light [20, p. 1-45]. As aresult, all these elements becantegity absorb- perature (?) [18]' At the same time, the gaseous Sun was

i 7

ing and he was able to obtain Kirchiis law. However, had he properly thought to S_USta_m a C_Ore temperature of roughlyxi16” K
included reflection, he would have convinced himself thatkhaf's law  [13, p. 9] while displaying an apparent surface temperattire
WaSTinvalid (see [21-24] for a complete discussion). only 6,000 K. Therefore, application of Stefan’s law [18] to

_ *One cannot expect scientists to revisit the validity of gvew upon imaginary concentric spheres [13, p. 2] located in the iater
which they shall base their work. As such, if 20th centuryasimers com- fh Id Iti deal h d d
mitted a misstep in applying Kirchffits law to the Sun, it is not at all clear O the Sun would result 'n_a great_ eal more photons produce
how this could have been prevented. Indeed, when the autimfivst con- in the core than ever emitted by its surface. Through the ap-
sidering these problems, he actually believed that Kiréfthtaw was valid plication of such logic, the Sun could be viewed as a slowly

(i.e. [29]), but that the Sun simply fallgd to meet thg reqm_ents set forth Ieaking sieve and essentially perfectly enclosed. Edd'rmgt
by enclosure. It was only later, following an extensive egviof blackbody

radiation [21-24], that he came to realize that there wagam i the law inferred that the opacity, or ability to absorb a ph-otonhivit
itself. the Sun was extremely elevated. Under these circumstances,
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light produced in the solar interior could not travel very faure of the Sun, which can be made to have meaning only by
before being absorbed (see [9, p. 100] and [14, p. 185-232fe introduction of an assumption that does not hold in real-
Arthur Milne argued that the interior of a star could bigy” [20, §51]. Planck must have recognized that the Sun pos-
viewed as being itocal thermal equilibriumthereby insist- sessed convection currents on its surface [41], as Caprifgt
ing that Kirchhdf’s law could be applied within the Sundiscovery [67] would have been well-established throughou
Speaking of the solar interior, he statétf,the atoms are scientifically educated society.
syficiently battered about by colliding with one another, they To further complicate matters, astrophysics must create
assume a state (distribution of stationary states) chamactsuficient opacity in the Sun. Opacity acts to contain and
istic of thermodynamic equilibrium at temperature 189, shift the internal radiation essential to the gaseous nsodiel
p. 81-83]. Unfortunately, these words describe the camliti has been said that absorption of radiation in the solariorter
required for the onset of conduction [70]. Thermal equilitakes place through the summation of innumerable processes
rium could never exist at the center of the Sun, as the s@tcluding bound-bound, bound-free, free-free, and scatt
ting prevailing at the core would facilitate a non-radiafpro- ing reactions [14, p.185-232]). Such a hypothesis consti-
cess [21-24]. tutes thestellar opacity problem® The blackbody spectrum
Max Planck has clearly stated that thermal equilibriumthich could be produced in the laboratory using simple ma-
can only exist in the absence of all conductitviow the con- terials like graphite, soot, or metal-blacks [21-24], at@re-
dition of thermodynamic equilibrium requires that the tenguired the summation of a large set of processes which were
perature shall be everywhere the same and shall not vary witpt known to contribute to the production of the blackbody
time ... For the heat of a body depends only on the heat ragipectrum on Earth [41,42]. The central problem for gas mod-
ation, since on account of the uniformity in temperature, s is not that the Sun sustains clear convection at the level
conduction of heat takes placg20, §24]. That is why he of the photosphere, nor that inferred conduction existssat i
insisted that the walls of the enclosure be rigid (e.g. §2@— core. Rather, it was that Kirchits law was not valid and
25]), as no energy must be carried away through the actioriftsit Planck’s equation had not been linked to the physical
the momentum transfer which accompanies collisions. Aworld [21-24]. The laws of thermal emission could not be
cordingly, Milne’s arguments, though they rest at the hefirtapplied to the Sun. It was not reasonable to account for the
the gaseous solar models, are fallacious. It is inapprprigroduction of a blackbody spectrum using opacity calcula-
to apply Stefan’s law to the interior of the Sun, as conduactitions which depended on processes unrelated to thermal emis
forces violate the conditions for enclosure and the requigion [42]. The production of blackbody radiation required
ments for purely radiative heat transfer. much more than imaginary enclosures. It required the pres-
In his treatise on heat radiation, Planck warned agai@#tce of nearly perfectly absorbing condensed matter, ds wel
applying the laws of thermal emission directly to the Sude¢monstrated by all laboratory experiments over the course
“Now the apparent temperature of the Sun is obviously notpf more than 200 years (see [21-24] and references therein).
ing but the temperature of the solar rays, depending entirel
on the nature of the rays, and hence a property of the rays3 The Eight Planckian Lines of Evidence

and not a property of the Sun itself. Therefore it would bghe eight Planckian (or thermal) lines of evidence, on their

not only more convenient, but also more correct, to apply thjyn provide sficient proof that the Sun is comprised of

notation directly, instead of speaking of a fictitious tempe ¢qndensed matter. Each of these proofs includes two com-
“Eddington concluded th&the stars on the main series possess nearl onents 1) a dIS_CUSSIOI’l of Som.e as_pec_t of thermal radiation,

the same internal temperature distributioahd inferred core temperatures nd 2) the associated structural 'mpl'cat|0n5- Ithas besth w

in the millions of degrees [9, p. 177-178]. Given his beltedtithe laws of €stablished in experimental physics that the thermal éiss

thermal emission [15-20] could be applied to the core of taessthe tem- jty of a material is directly linked to its structure [71]. iFu

peratures he inferred would result in the production of phstwith X-ray ; ; i
energies. Over thousands of years, these photons wouldlyslak their thermore, condensed matter is known to POSSESS varying di

way out to escape at the photosphere. But as they traveleeteurface, '€Ctional emissivities which play a key role in understagdi
they would slowly lose energy and become shifted to everidmeuencies. the structures associated with the Sun, including the @dgre
Finally, upon reaching the surface, they would emit in tteiblé region of \yhich one might infer that they are metallic [66,72, 73].

the electromagnetic spectrum. To accomplish the feat, #sengodels re-

quired that perfect and gradual changes in opacity enakbidatkbody spec-

trum produced at X-ray frequencies to be slowly converteshiexistingin 2 3 1 Solar Spectrum #1

white light. The issue has previously been addressed byuther[3, 36,42]
and provides an example where accepted science requiredgpension of

The blackbody lineshape of the solar spectrum (see Figsl) ha

disbelief. .
fThe density at the center of the Sun is believed to approa@hytic been known since the days of Samuel Langley (See [74* Plate
[14, p. 483], a value compatible with conductive solids orntlEa 12 and 21] and [75, Plate IV}). Still, though astrophysics
*The Sun is known to possess powerful magnetic fields and adpla
namo. Their existence strongly argues for conduction wittindensed mat- $The author has previously addressed the stellar opacitylgro[42].
ter (see [35, 39] ang5.3). IThe first Planckian proof [45] was initially treated in [28,36,42,43].
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has tried to explain the production of this light for near§01 ble for the thermal spectrum had to be composed of hydrogen.
years [2, 3], little real progress has been made in this direc Then, in 1935, a seminal work appeared which had the
tion. As demonstrated in Section 2.2, the gaseous modelsfatential to completely alter our understanding of thesstar
to properly account for the occurrence of the solar spectry®6, 39]. Eugene Wigner (Nobel Prize, Physics, 1963) and
Gases are unable to emit a continuous spectrum. Rather, Hey. Huntington [88], proposed that atfigient pressures,
emitin bands (see [21,70] and references therein). Evenwhgdrogen could become metallic. More importantly, they
pressure broadened, these bands cannot produce the blaokid make a direct link between the structure of metallic
body lineshape. Moreover, when gases are heated, their emjglirogen and that of graphite itselfThe objection comes
sivity can actually drop [21,70], in direct contradictiofSie- up naturally that we have calculated the energy of a body-
fan’s law [18]. Under these circumstances, the answer dancentered metallic lattice only, and that another metaltit: |

be found in the gaseous state. One must turn to condengsgl may be much more stable. We feel that the objection is
matter. justified. Of course it is not to be expected that another sim-

Throughout history, the production of a blackbody spepte lattice, like the face-centered one, have a much lower en
trum [21, 23, 24] has been facilitated by the use of graphéeyy, — the energy flerences between forms are always very
[76-84] or soot. For this reason, even after the formulatiemall. It is possible, however, that a layer-like latticesta
of Kirchhoff’s law, astronomers envisioned that graphite paruch greater heat of formation, and is obtainable under high
ticles floated on the surface of the Sun [2, 3]. Hastings recqgessure. This is suggested by the fact that in most cases of
nized that the solar surface was too hot to permit the exdsteiTable | of allotropic modifications, one of the lattices igda-
of carbon in the condensed state [85]. He noted tBaant- likel...” [88]. The footnote in the text begatiamond is a
ing this, we perceive that the photosphere contains solid walence lattice, but graphite is a layer lattice . .[88].
liquid particles hotter than carbon vapor, and consequentl  With time, Brovman et al. [89] would propose that metal-
not carbon” [85]. As a result, in 1881, he suggested théit hydrogen might be metastable. Like diamonds, it would
“...the substance in question, so far as we know it, has pragquire elevated pressures for formation, but remain stabl
erties similar to those of the carbon grou85]. Hastings low pressures once synthesized. Neil Ashcroft and his group
wanted something which had the physical characteristicshgpothesized that metallic hydrogen might be metastable be
graphite, especially related to emissivity. Yet, the ordgect tween its solid and liquid forms [90, 91].
of graphite which could contribute to its emissive characte  Metallic hydrogen remains elusive in our laboratories (see
istics was its lattice structure. He was indirectly seargtior [39, 92] for recent reviews). Nonetheless, this has not pre-
a material which might share the lattice arrangement knov#hted astrophysics from invoking its existence withirviamo
to exist in graphite (see Fig. 2), but which might likewise bgwarfs and giant planets [93-95], or even in neutron stars
reasonably expected to exist on the surface of the Sun.  [96]. In fact, based on expected densities, temperatunes, a
elemental abundances obtained using the gaseous models for
the solar core, metallic hydrogen has been said to exiseat th
center of the Sun [97-99].

In previous astrophysical studies [93—99], thermal emis-
sion has not guided the selection of the form which metallic
hydrogen would adopt. As a result, they have sidestepped the
B layered graphite-like structure first suggested by Wigmer a
Huntington [88]. Nonetheless, it seems clear that metallic
hydrogen, based on the inferred solar abundance of hydro-
gen [86,87] and extensive theoretical support (see [39®2]

fSetsuo Ichimaru was primarily concerned with nuclear ieastin
high density plasmas [97-99]. His work on the solar core setleon as-
sumptions for the composition of the solar interior [97, Jowdich are de-
rived from the gaseous modet# the Sun . .. the mass density and the tem-
A perature are estimated to be 158 and 1.55x10, respectively. The mass
fraction of hydrogen near the core is said to be 0.36 and thasiass density
Fig. 2: Schematic representation of the layered hexagattitd of metallic hydrogen there is 56.Zg™" [98, p. 2660]. Ichimaru places spe-

found in graphite (adapted from Fig. 1 in [48]). cific emphasis on the Or_1e-Cor_'nponent Plasma (OCP) [97, pp&_]’mD].
He assumed that the lattice points were those of a body+eehteibic [97].
- . The body-centered cubic is a solid structure. Its existevit@n the Sun had
Eventua”y' Cecilia Payne determined that the stars W& been justified beyond inferred densities. Ichimaru&uagptions would
largely made of hydrogen [86] and Henry Norris Russell [8%4ve been easily supported by recent seismological evdehich demon-
extended the conclusion to the SuWwhatever was responsi-strates that the solar core experiences solid body rotédem[50] ang6.5 in
this work). His supposition has important consequenceslfieing nuclear
*See [47] for a detailed discussion on the composition of the S reactions within the Sun (see [44, 48] a§id1 in this work).
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reviews), constitutes an ideal building material for théren
Sun which is appropriate for 21st century thought.

Thus, theoretical condensed matter physics unknowingly
provided astronomy with everything needed to explain the
origin of the thermal spectrum (see Fig.1). Payne and Rus-
sell had determined that the Sun was composed of hydro-
gen [86,87]. Under the enormous pressures which existed in
the solar interior, Wigner and Huntington [88] allowed that
this hydrogen could be converted to the metallic state and
adopt the lattice structure of graphite. Work by Brovman et
al. [89] enabled metallic hydrogen, formed under high pres- ) . . )
sure conditions within the solar interior, to be metastatle'9- 3: Image of the Sun displaying how the intensity of the
the surface. Thermal emission could then result from Iattig'Sk decreases towards the limb [100]. Note this image was de

ibrati 51 . ithin | d tallic hvd scribed as follows,'Sunspot group in context. The diameter of
viora |(_)n3 [21], occurrlng within "?‘yere metaflic NYd®Y  he sun is 100 times larger than the diameter of the Earth.s Thi
much like what occurs with graphite on Earth.

image was recorded with our finder telescope at about the same
In contrast to the gaseous models, where photons tgke as the 15 July images and movies. Target: The Sun; Date:

millions of years to escape from the solar core [9], in a ligs jul 2002” It is reproduced herein thanks to the generosity
uid metallic hydrogen (LMH) Sun, light can be instantly proef the Royal Swedish Academy of Sciences (www.solarphysics
duced at the level of the photosphere, using mechanisms idesa.s¢NatureNov200pressimageseng.html — accessed online
tical to those found within graphite. Complex changes in i8:152013). The SST is operated on the island of La Palma by the
ternal solar opacities are not required [42]. The solar spétstitute for Solar Physics of the Royal Swedish Academy @if S
trum can be explained without recourse to unsuited gases €S in the Spanish Observatorio del Roque de los Muchaxthos
70], imaginary enclosures [9], dismissal of observed cand(® Instituto de Astrofisica de Canarias.

tion [69] and convection [67, 68], the need for local thermal
equilibrium [69], or Kirchhdf’s erroneous law [15, 16]. The
conjecture that solar thermal emission is produced by hydro
gen in the condensed state on the surface of the Sun is simpler
than any scheme brought forth by the gaseous models. Fur-
thermore, it unifies our understanding of thermal emission i
the stars with that of laboratory models on Earth. But most
importantly, it results in the incorporation of a structued-

tice directly onto the photosphere, providing thereby dasbas 0
upon whlch_every other physical aspect of the Sun can be di- Limb Solar Radius Limb
rectly explained — from the presence of a true surface to the

nature of all solar structures. Hydrogen's ability to exist Fig. 4: Schematic representation of the white light intgneriation
condensed matter within the solar body, photosphere, chiéross the solar disk which is responsible for visible liratketning.
mosphere, and corona, appears all but certain. The remairde extent of intensity variation is frequency dependefi]1

of this work should help to further cement this conclusion.

1

Normalized Intensity

2.3.2 Limb Darkening #2 [102], vyhereby the observgd phenomepo_n could _b_e gxplained
by relying on the assumption that radiative equilibrium ex-
According to Father Angelo Secchi, while Galileo denied thsted within the stars. Once again, this was viewed as a great
existence of limb darkening (see Figs. 3, 4), the phenomengamph for gaseous models (see [3] for additional details)
had been well established by Lucas Valérius of the Lincei Arthur Eddington would come to adopt Milne’s treatment
Academy;,”... the image of the Sun is brighter in the centef103] of thelaw of darkenindg9, p. 320-324]. However, all of
than on the edges[1, p. 196, V.1]: these approaches shared a common flaw: they were based on
In 1902, Frank Very demonstrated that limb darkeninge validity of Kirchhdi’s law [15, 16]. Karl Schwarzschild’s
was a frequency dependent phenomenon [101] which heddrivation began with the word8lf E is the emission of a
tributed to scattering in the solar atmosphere and refiectiflack body at the temperature of this layer and one assumes
with carbon particles. that Kirchhgf's law applies, it follows that the layer will ra-
Very's study of solar emission [101] eventually led to thgiate the energy Eadh in every directiof’02, p. 280 — in
law of darkeningnitially developed by Karl Schwarzschildmeadows].
*The second Planckian proof [45] was initially treated in33,40, 42]. Beyond the validity of Kirchh@’s law, these derivations
As nearly perfect absorbers, carbon particles make for ptactors.  sidestepped the reality that clear convection currentstexi
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on the exterior of the Sun [67,68]. Remarkably, just a fesurs naturally within condensed matter [66, 71-73]. Poor
years after publishing his classic derivation of the lawarld conductors tend to have elevated normal emissivities which
ening [103], Milne himself argued that local thermal eduili gradually fall as the angle of observation is decreased (see
rium did not apply in the outer layers of the stars [69]. Arthlrig. 6). This is precisely what is being observed across the
Eddington also recognized that the laws of emission could isolar disk. Good conductors often display lower normal emis
be used to treat the photosphéfighe argument cannot apply sivities, which can gradually increase as the angle of afaser

to any part of the star which we can see; for the fact that wien is decreased, prior to decreasing rapidly as the vigwin
see it shows that its radiation is not ‘enclosedd, p. 101]. angle becomes parallel to the surface (see Fig. 6).

As such, how could Kirchh®'s law be invoked to explain
limb darkening?

To further complicate the situation, any explanation of
limb darkening for gaseous models would once again resur-
rect the solar opacity problem [42]. How could the exterior
of the Sun generate a perfect blackbody spectrum using an
assembly of processes not seen within graphite?

Gas models accounted for limb darkening by insisting
that the observer was samplingfdrent depths within the
Sun (see Fig.5). When viewing the center of the disk, our 0 | T T T T .
eye was observing radiation originating further in theriate
This radiation was being released from a layer which was at
a higher temperature. Hence, by the Wien’s law [17] it apig. 6: Schematic representation of directional spectrassivities
peared brighter. As for limb radiation, it was being prodiicéor non-conductors (A) and conductors (B). Note that in nogtals,
at shallower depths, thereby appearing cooler and darker. the spectral emissivity decreases monotonically with ingvangle.

These ideas were reliant on the belief that the surfaceCginversely, in metals, while the normal emissivity can biestan-
the Sun was merely an illusiona conjecture which will be tiaIIy_ rfeduced, the _emissivity can rise with increasing larfaefore
refuted in§3.1,§3.2,§3.7,§4.3,§4.5,§5.1,§5.2,§5.5,§5.7, Precipitously dropping (adapted from [72]).

§6.1,86.2, and6.3.

-

1

Emissivity (gq)

1
o

Angle (6)

Limb darkening revealed that the solar photosphere was
condensed, but not highly metallicGraphite itself behaves
as an excellent emitter, but only a modest conductor. It can

Teoi L be concluded, based on Figs. 4 & 6, that the liquid metal-
lic hydrogen which comprises the solar surface is not highly
T metallic. The inter-atomic distances in this graphite lity-

hot ered material (a Type-l lattice) would be slightly largeanh

those found in the more metallic sunspots (a Type Il lattice)
as previously described by the author [35, 39, 40].

L

2.3.3 Sunspot Emissivity #3

Fig. 5: Schematic representation of how limb darkening Hared . . . .
in the gas models. When viewing the center of the solar digdjne Galileo viewed sunspots (see Fig.7) as clouds floating very

of sight travels to a greater depth (L), where it reaches ehlatyer Near the solar surface [105]His great detractor, Christoph

in the solar body. Conversely, when the limb is visualizée, ltne  Scheiner, initially saw them as extrasolar material [2]f bu
of sight (L) is restricted to a cooler upper layer. One of tiéaties eventually became perhaps the first to view them as cavi-
of this explanation is that the outer layers of the photospleannot ties [1, p. 15, V. 1]. This apparent depression of sunspots wa
be considered enclosed (i.e. we can see through them wheir wegnfirmed by Alexander Wilson [2] who, in 1774 [106], used
sualized the center of the disk). So, photospheric radiatimld not precise geometric arguments to establish ffecewhich now

bg blackpody, even assuming .that Kircl"ﬂ’mlaw was valid. Ed- bears his name [1, p. 70-74]. In 1908, George Ellery Hale
dington himself had reached this conclusion [9, p. 101]. discovered that sunspots were characterized by intense mag

) ) ) _hetic fields [107]. This remains one of the most far reaching
In the end, the simplest explanation for limb darkemrﬁ;hdings in solar science.

lies in the recognition that directional spectral emidgiaic-

As a side note, Frank Very had suggested [101] that the limkeding
*To this day, astronomy continues to maintain that the Sunfase is of the Sun might be associated with the solar granulations0[B. As will

an illusion, as seen in this text produced by the NationahiSObservatory, be seen ir§2.3.4, the thought was not without merit.

“The density decreases with distance from the surface liglit at last can #The third Planckian proof [45] was initially the 13th line efidence

travel freely and thus gives the illusion of a visible suga§104, p. 4]. [35]. It has been presented, in greater detail, within [445].
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the emissivity of sunspots, gaseous models propose that mag
netic fields prevent the rising of hot gases from the solar in-
terior [104]. Hence, the spot appears cool. But sunspots
can possess light bridges (see Secchi’'s amazing Fig. 33 in [1
p.69, V.1]). These are characterized by higher emisswitie
and lower magnetic fields [111, p.85-86]. The problem for
the gaseous models is that light bridges seeffidat’ above

the sunspot. How could these objects be warmer than the
material below? Must a mechanism immediately be found
to heat light bridges? Sunspots are filled with substrugture
including that which arises from Evershed flow. Such sub-
structure is well visible in Fig. 7. However, gases are uaabl
to support structure. How can a gaseous solar model properly
account for Evershed flow, while dismissing the surface as an
illusion? The problem, of course, remains that all these ill
sions actually are behaving in systematic fashion {&et).
Furthermore, in modern astronomy, the apparent change in
sunspot emissivity towards the limb must be dismissed as a

Fig. 7: Part of a sunspot group near the disk center acquiitbdive | o : L .
Swedish 1-m Solar Telescope [100]. This image has beenitiedcr_Stray light’ effect. But the most pressing complication lies

as follows by the Institute for Solar Research of the Royaé@sh n the reallty that gases are unable to genera_te powerful mag
Academy of SciencesiLarge field-of-view image of sunspots in"€tic fields (se&5.3). They can respond to fields, but have
Active Region 10030 observed on 15 July 2002. The image R&sinherent mechanism to produce these phenomena. Along
been colored yellow for aesthetic reasons Dark penumbral these lines, how can magnetic fields be simultaneously pro-
cores — Observations: Goran Scharmer, ISP; Image prongssiduced by gases while at the same time prevent them from
Mats Lofdahl, ISP; Wavelength: 487.7 nm; Target: AR1003@ising into the sunspot umbra? On Earth, the production of
Date: 15 Jul 2002! This image is available for publication thankﬁ)owerfm magnets involves the use of condensed matter and
to the generosity of the Royal Swedish Academy of Sciencgge flow of electrons within conduction bands, not isolated
(www.solarphys[cs.kva.;ﬂdatureNov200m.res:_5|mage§eng.htm.I gaseous ions or atoms (s&® 3).

— accessed online/$52013). The SST is operated on the islan In contrast to the gaseous models, the idea that the Sun is

of La Palma by the Institute for Solar Physics of the Royal &igale ised of d d it dd Il of th
Academy of Sciences in the Spanish Observatorio del Roqllmsdecomprlse of condensed matler can address all of these com-

Muchachos of the Instituto de Astrofisica de Canarias. plications. The'Wilson Effect’, one of the oldest and sim-
plest of solar observations, can continue to be explaindd wi

out difficulty by using elementary geometry [106], precisely

In addition to the Wilson fect, sunspot emissivity hashecause a true surface can be invoked [45]. The lowered
been found to drop significantly with increasing magnetigmissivity of sunspot umbra, in association with increased
field strength [108, 109]. The magnetic fields within sunspafagnetic field strengths, strongly suggests that sunspets a
umbra are known to have a vertical orientation. Their intefetallic in nature. Langley’s observation that sunsposgs di
sity increases in the darkest regions of the umbra (e.g., [1pfy increased limb emissivity relative to the photosploare
p.75] and [111, p. 80]). Sunspot emissivity has also been It explained as related to metallifexts The increased
pothesized to be directional, with increasing emissivity temissivity and lower magnetic field strength observed withi
wards the limb [111, p. 75-77]. In this regard, Samuel Langht bridges could be explained by assuming that they, like
gley had observedWith larger images and an improved in-the photosphere, are endowed with a Type | lattice [35, 39,
strument, | found that, in a complete ring of the solar suefac40] with lowered metallic properties. Conversely, the de-
the photosphere, still brilliant, gave near the limb abgely creased normal emissivity of sunspot umbra along with their
less heat than the umbra of the spofd12, p.748]. Edwin increased magnetic field strength suggests a more metallic
Frost echoed LangleYA rather surprising result of these ob-Type Il lattice [35, 39, 40] in these structures.
servations was that spots are occasionally relatively watrm  |n sunspots, the electrons responsible for generating mag-
than the surrounding photospher€13]. Today, the appar- netic fields can be viewed as flowing freely within the con-
ent directional changes in the emissivity of sunspots has bguction bands available in metallic hydrogen. This implies
dismissed as due tetray light’ [111, p. 75-77].

Since a gaseous Sun is devoid of a real surface\tile *This is not to say that stray light cannot present problemewéver,

) : : T ese fects should make faculae even less apparent towards theflimb
son Egect’ cannot be easily explained within these bounqg'er highlighting the importance of the increase in emigsiwhich those

Once again, optical depth arguments must be made (e.9. §€ures display (set2.3.5). Definitive answers may come eventually by
[110, p.46] and [114, p.189-190]). In order to account f@kamining large sunspots.
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that the lattice within sunspot umbrae are positioned sb tkt@ese structures caused considerable controversy within a
the hexagonal hydrogen planes (see direction A in Fig.tB®hnomy in the mid-1800s [40], but they have been well de-
are nearly orthogonal to the solar surface (see Fig.8). seribed and illustrated [118-122] since the days of Father
the penumbra, they would be oriented more horizontally, &scchi [1, p.48-59, V.I]. Individual granules have limited
demonstrated by the magnetic field lines in this region. Tlietimes, can be arranged in mesogranules, supergrarmules
accompanying emissivity would be slightly stronger, resubiant cell [40,118-122], and seem to represent a convective
ing in the penumbra appearing brighter. As such, the emisecess.
sivity in layered metallic hydrogen appears to be highly de-
pendent on the orientation of the hexagonal hydrogen planes
Likewise, it has been observed that sound waves travel
faster within sunspots than within the photosphere [118].11
These findings are supportive of the idea that sunspots are
denser and more metallic than the photosphere itself. Tée us
of condensed matter brings with it both structure and func-
tion.

—————
- ~~

.-

Fig. 9: High resolution image of solar granules acquired bgdd
T Henriques on May 23, 2010 using the Swedish 1-m Solar Tele-
scope (SST). Bright granules are surrounded by dark irgetgr
lar lanes which can contain magnetic bright points (§2€3.5).
This image has been described as folloWEhe SST is operated
on the island of La Palma by the Institute for Solar Physicshef
Royal Swedish Academy of Sciences in the Spanish Obséovator
del Roque de los Muchachos of the Instituto de Astrofisec&d-
narias — High resolution granulation — Observer: Vasco Hen-
riques; Image processing: Vasco Henriques Date: 23 May 2010
httpy/www.solarphysics.kva.se (accessed onlifi2013).

Fig. 8: Schematic representation of the appearance of aopair  Though granules are dynamic convective entities which
sunspots on an active solar surface. The horizontal thigkil- /e constantly forming and dying on the surface of the Sun,
lustrates the location of the photosphere, the thin linedagers of they have been found to observe the laws of Aboav-Weaire
metallic hydrogen, and the dashed lines the magnetic fidid.tivo and of Lewis [123-125], along with the perimeter law, for
haded circl tline th iti f ts. In the tquee- - . . ) '
snadec circies oulling e positon of Sunspo's. 1n the Iges space filling structures in two dimensions [126]. That gran-

tion of the figure, the layers of metallic hydrogen are belbevlevel . . .
of the photosphere, but are being pushed up by intercakessits ules can be viewed as crystals was first hypothesized by Cha-

which have entered the gas phase & in [48]). In the upper por- COrnac in 1865 [127]. Clearly, the laws of space filling canno
tion of the figure, the layers of metallic hydrogen have noaken be applied to gases which expand to fill the space of con-
through the photospheric level. The two sunspots are béikgd tainers. They cannot, on their own, restrict the spatial ex-
solely by magnetic field lines, as the metallic hydrogen Wwhince tent which they occupy. The laws of space filling can solely
contained them has vaporized into the solar atmosphere.fifire be observed by materials which exist in the condensed state.
is an adaptation based on Fig. 22 in [115]. Along with thietedy it Adherence to these laws by granules [126] constitutes im-
previously appeared in [52]. portant evidence that these structures are comprised of con

densed matter.

Studies reveal that granules can contaark dots’ at

2.3.4 Granular Emissivity #4 their center, linked téexplosive’structural decay. Rast [128]

When observed at modest resolution, the surface of the g&r? stated that this decggan be better understood if granu

is covered with granules (see Fig."9)The appearance ofcontains an extensive list of references on the subject.

TThis aspect of solar granules will be discussegsri as it is linked to
“The fourth Planckian proof [45] was initially part of the hdline of activity on the solar surface. For the time being, the focillremain on the

evidence [45]. It has been presented, in greater detaihiwf#0] which structural and emissive aspects.
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lation is viewed as downflow-dominated-surface-drivencaty, or brighter appearance, in this instance. The orienta-
vection rather than as a collection of more deeply driven ufien should become more vertical in the intergranular lanes
flowing thermal plumes” These arguments depend on ththereby accounting for their darker appearance. The LMH
presence of a true solar surface. Noever has linked the a@del [35, 39] dispenses with optical depth and variable tem
cay of granules associated with the appearantdask dots’ perature arguments. It elegantly accounts for solar earissi
to the perimeter law alone [126], once again implying thasing a single phenomenon (directional spectral emigsivit
structure determines dynamic evolution. condensed matter) applicable across the full range of solar
Granules are characterized by important emissive chapservations.
acteristics. These structure tend to be brighter at theitece
and surrounded by dark intergranular lanes (see Fig. 9)evh
existence has been recognized by the mid-1800s [40].

In order to account for the emissive properties of granulég,visible light, faculae are dicult to observe at the center
the gaseous models maintain that these structures represethe solar disk, but often become quite apparent towards
convective elements. Hot gases, rising from deep within i limb! Father Secchi noted thefliculty of observing
Sun, emerge near the center of these formations, while coggulae at the center of the disk [1, p.49, V.1] and George
material, held in the dark intergranular lanes, slowly ratgs Ellery Hale commented on the enhanced emissivity of facu-
towards the solar interior. In this case, emissivity isédko |ae towards the limb“The bright faculae, which rise above
temperature changes alone, as dictated by Wien's law [}Ak photosphere, are conspicuous when near the edge of the
This hypothesis rests on the validity of Kirchfis law [15, Sun, but practically invisible when they happen to lie néar t
16, 20-24] and depends upon subtle changes in solar opagéiter of the disk ...1129, p. 85-86]. Solar faculae appear
[42] in adjacent regions of the solar surface. As see$?il o float on the photosphere itself. The structures have long
and§2.2, these arguments are invalid. been associated with sunspots [130]. Wang et al. recently

Within the context of the LMH model [35, 39], granulegostulated that these objects could result from the coiorers
are viewed as an integral portion of the true undulating sa@fsunspots, wherein the horizontal magnetic field conthine
face of the Sun. Their complex radiative properties can Wthin penumbrae makes a transition to a vertical field in fac
fully explained by considering directional spectral envigg. ulae [131]. Faculae are known to possess strong magnetic
As sub-components of the photosphere, the same mecharisiis [132—-134].
invoked to understand limb darkenig§g.3.2 can be used to  The emissivity of faculae as they approach the solar limb
explain granular emissivity. [135] cannot be reasonably explained within the context of

The normal emissivity of these bubble-like structures rthe gaseous models. The accepted scheme, Sphait'gall
mains somewhat elevated. As the viewing angle moves aW}&$6, 137] model is illustrated in Fig.10. When the facu-
from the normatl, emissivity progressively drops in accorfae are at the center of the disk, the observer is able to see
dance with the known behavior of non-metals (see Fig. 6). eeper into the Wilson depression to the flux tlilmer’ [137,
tergranular lanes appear dark, not because they are caalep( 926]. This floor is thought to be at a lower temperature and,
unlikely scenario in the same region of the Sun), but rathatcording to the laws of blackbody emission [15-20], appear
because less photons are observed when the surface beingldtively dark. As for thewalls’ of the flux tube, they are
sualized becomes increasingly coincident with the dioectisaid to sustain elevated temperatures and appear brigimt whe
of emission. In a sense, with respect to thermal emissigompared to the deepéloor’. As the flux tube moves to-
each granule constitutes a mini-representation of the eaaakards the limb, the observer can no longer observéiie’
scopic limb darkening observed across the disk of the Samd one of théhot walls’ becomes increasingly visible. With
(see§2.3.2), an idea first expressed by Very [101]. time, even thathot wall’ disappears. This agrees with obser-

In the LMH model, granules therefore possess a Typation: facular emissivity is initially indistinguishabfrom
| lattice [35, 39], which is somewhat less metallic than thbat of the photosphere at disk center. It then increases and
Type-ll lattice found in sunspots. This is revealed by tleklabecomes bright with respect to the rest of the solar suréece,
of strong magnetic fields associated with granules and by theses objects move towards the limb. Finally, the emissivi
slowly decaying center-to-limb variation in directionahis- decreases precipitously at the limb.
sivity observed on the solar surface ($££3.2). In a man-  To help explain the emissivity of faculae, the gas models
ner analogous to what is observed in sunspots, the emissivggest macroscopic structuresol floors’ and‘hot walls’.
ity of layered metallic hydrogen would imply that the hexagsases are incapable of generating such features. In faculae
onal hydrogen planes are oriented parallel to the solar sfluix tubes are said to be permitting heat from the solar iateri
face at the center of a granules providing higher emisstg-rise into the'hot walls'. Yet, to account for the darkness

8?3.5 Facular Emissivity #5

*Normal viewing occurs when the line of sight is perpendicitathe The fifth Planckian proof, as related to facular emissivitgis initially
surface. presented as the 15th line of evidence [45].
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A serves to emphasize the problems faced by the gas models.
Within the context of the LMH model [35, 36, 39], the
Disk Center Limb — presence of faculae and magnetic bright points on the solar
I I surface are elegantly explained by invoking lattice strret
;g: ;é Since faculae are associated with sunspots [130] and even

thought to be ejected from these structures [131], it is rea-
Cool sonable to propose that they can be metallic in nature (see
Fig. 6), that their structural lattice mimics the type lltie¢

B l l H ll“ found in sunspots, and that they have not yet relaxed back to
the Type-l lattice found in granules. In this case, the krigh
/U\ ness of faculae implies that their hexagonal hydrogen glane

lie parallel to the solar surface. This should account fahbo

emissivity and the presence of associated magnetic fields in
Fig. 10: Schematic representation of Spruitst wall' model [136, these structures.
137]. A) Faculae are represented as depressions in thessoface. In the end, the simplest explanation for the origin for mag-
Depending on the line of sight, the observer will sampleeeith netic bright points may be that they are nothing more than fac
‘cool floor’, or a‘hot wall".  B) When sampling at the center ofy 5 elements. Rising from internal solar regions, theyehav
the solar disk, hshe will only be able to visualize ‘@ool floor’ not fully relaxed from a Type Il to a Type | lattice, but have
whose temperature approaches that of the granuiles on tm’msu'rbeen transported through granular flow to deeper intergran-

Under the circumstances, the faculae are not visible. Heweas lar | Thei ter-to-limb issivit iati
these objects move towards the limb, the line of sight witiatly Y ar lanes. €ir center-to-imb emissivity variationsyma

sample more of théhot wall’ and the faculae appear brighter. Whel/ll rest in the realization that they are hidden from view by
the edge of the Sun is approached, the hot walls can no loregetite granules themselves as the limb is approached. Hence,
readily sampled and the emissivity of the faculae are pesdeio their numbers appear to fall towards the edge of the solar
drop rapidly. disk [138].

.3.6 Chromospheric Emissivity #6
within sunspots, the models had required that field lines % P y

hibited the upward flow of hot gases beneath the umbra ($®bile hydrogena emissions are responsible for the red glow
§2.2.3). of the chromosphere visible during an eclipse, this region o
It is immediately apparent that the emissive behavior jue Sun also emits a weak continuous spectrum [56] which
described within faculae exactly parallels the known rtaia has drawn the attention of solar observers for more than 100
properties of metals, as previously illustrated in Fig. &ci= Yyears [140-147]. Relative to this emission, Donald Menzel
lae possess strong magnetic fields [132—134]. In combimatioted,”. .. we assumed that the distribution in the continu-
with their directional emissivity, this all but confirms tithey 0us chromospheric spectrum is the same as that of a black
are metallic in nature. body at 5700, and that the continuous spectrum from the ex-
In addition to faculae, an extension of Spruit's hot walfeme edge is that of a black body at 4700here is evidence
model has been invoked to explain the presence of magnéti¢avor of a lower temperature at the extreme limb in the
bright points found within the dark intergranular lanestu t Observations by Abbot, Fowle, and Aldrich of the darkening
granules [138]. As the name implies, magnetic bright poirigvards the limb of the Surf142].
are also believed to possess strong magnetic fields [12, 138,The gaseous models infer that the chromosphere has an
139]. Moreover, they display powerful center-to-limb eari average density of10™2 g/cm® [115, p. 32]¢ Despite a 10
tions in their emissivity [138], being most visible at thenee drop in density with respect to the photosphere, these-treat
ter of the solar disk within the dark intergranular lanes. fRents continue to advance that the continuous emissiorin th
the case of magnetic bright points, it is th@or’ which is chromosphere is being produced by neutral H, Rayleigh
viewed as bright, as light is said to originate frdteeper Scattering, and electron scattering (see [145, 146] and, [15
photospheric layers that are usually hottd’38] * p. 151.—157]). But, none of these processes can be found in
The problem rests in the realization that magnetic brighf@Phite (se§2.1 ands2.2).
points are located within the dark intergranmar lanes. Asa fThe sixth Plankian proof [45] was initially presented as26¢h line of
result, in order to explain the presence of locally strongmasvidence [56].
netic fields within these objects, it is hypothesized thaedn “In these models, the photosphere is assumed to have a defnsitg™’

ficient turbulent dynamo transforms into magnetic fieldst p#"mg' while the outer chromosphere has a density- o+ g/cm® [148].
his constitutes an 8 order of magnitude decrease in justvatfeusand

of the kinetic energy of the granUIar ConveCthrl38]' This kilometers. As a point of reference, the density of the Earitmosphere
at sea level is<1.2x 1073 g/cm® [149] or ~10,000 greater than calculated
*These layers were not hotter in Spruit's model [136, 137]. photospheric densities for the gas models.
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Alternatively, within the context of the LMH model, themal spectrum from the photosphere is punctuated with Fraun-
chromospheric continuous emission provides evidence thafer absorption lines (s€§3.7), some mechanism must be
condensed matter exists in this region of the solar atmasphdevised to explain their absence in coronal light. As such,
[56]. This is in keeping with the understanding that continproponents of the gaseous models have proposed that coronal
ous spectra, which can be described using blackbody beHmht is being scattered by highly relativistic electroddp,
ior, must be produced by condensed matter [21-24]. In tii48,157,158]. The Fraunhofer absorption lines are hypoth-
regard, the chromosphere may be viewed as a region of bgized to become highly broadened and unobservable. Rel-
drogen condensation and recapture within the Sun. Thowgivistic electrons require temperatures in the milliohde-
generating condensed matter, the chromosphere is not cgrees. These temperatures are inferred from the line emis-
prised of metallic hydrogen. sions of highly ionized ions in this region of the Sun (see
§3.8). Unfortunately, such a scheme fails to account for the
reddening of the coronal spectrum [156].

In contrast, the LMH model [35, 39] states that the solar

The white light emitted by the K-corona is readily visuatizecorona contains photospheric-like condensed matter (ype
during solar eclipse5Observing from lowa in 1869, William and is, accordinglyself-luminoug57]. It is well-known that
Harknesgobtained a coronal spectrum that was continuoule Sun expels material into its corona in the form of flares
except for a single bright green line, later known as coron@nd coronal mass ejections. It is reasonable to conclude tha
line K1474” on the Kirchhdf scale [151, p. 199]. Eventually,this material continues to emit (s§2.3.8) and may eventu-
it became clear that the continuous spectrum of the K-corgily disperse into finely distributed condensed matter is th
was essentially identical to photospheric emission [158}1 region of the Sun. The reddening of the coronal spectrum
with the important distinction that the former was devoid d¢mplies that the apparent temperatures of the corona are no
Fraunhofer lines. In addition, the spectrum of the K-coro@eater than those within the photospheréhe apparent
appeared to redden slightly with increasing distance fiwen temperature slowly decreases, as expected, with increased
solar surface‘microphotograms for solar distances varyingdistance from the solar surface. The production of highly
from R=1.2s to R=2.6s show that the coronal radiation redionized ions in the corona reflects condensed matter in the
dens slightly as the distance from the Sun is increa§e8ig]. outer solar atmosphere (s§2.3.8,§3.8, and§5.5). As for
The reddening of the K-coronal emission suggested that the Fraunhofer lines, they do not appear on the spectrum of
corona was cooling with increased distance from the soff K-corona owing to insiicient concentrations of absorb-
surfacet ing species exist in this region of the Sun. There is no need to
Within the context of the gas models, the corona is eikvoke scattering by relativistic electrons.
tremely hot and thus, cannot be self-luminous in the visible
spectrum. Rather, these models maintain that coronal whitg.8  Coronal Structure Emissivity #8

light must represent photospheric radiation. But as the the _ o ) )
The corona of the active Sun is filled with structures easily

*Metallic hydrogen requires extreme pressures for formaf89, 92] observed using white-light coronographs [154, 155]ares
which can only exist within the solar body. As a result, thoegndensation [159—162] prominences and coronal mass ejections [163—

is occurring within the chromosphere and corona, the riegufiroducts are
not metallic. Rather, it is likely that chromospheric makis comprised 171]' streamers [172_174]’ plumes [175]' and |00pS [176_

of dense hydrogen wherein molecular interactions betwgeogen atoms 178], can all be visualized in white light.
still persists [92]. Conversely, condensed matter whichideen ejected from The mechanism for generating white-light in this wide ar-
the solar body can be metallic in character and has been gedpo become ray of structures remains elusive for the gaseous models, in

distributed throughout the corona [60]. The solar atmosphan simultane- b he d .. . hich th h hesi
ously support the existence of two forms of hydrogen: chrgpheric non- part because the densities, in which they are hypothesize to

metallic material, like as coronal rain or spicules (§8e#,§5.6 and [53,59]) €exist, are lower thar1071° g/cm? [148]. Moreover, the re-
and coronal material which resembles photospheric Typethliic hydro- |ease of white-light by these structures tends to be exyosi

gen (see2.3.7 and§2.3.8) and [57, 58, 60]) and which can be found in th : ; -
corona and its associated structures &8, §4.6, §5.5, §5.7 and$§6.6 for Fn nature, partICUIarly when flares are involved [179 186]'

complimentary evidence). These phenomena cannot be adequately explained by rely-
TThe seventh Plankian proof [45] was initially presentechasX7th line  ing on gradual changes in opacity [42] or the action of rela-
of evidence [57, 60].
*Yet, the“single bright green line”which had been observed by Hark- ~ $The author has stated that the true energy content of thegtutre
ness would eventually be identified as originating from higbnized iron would correspond to real temperatures in the millions ofrélest The vast
(i.e. FeXIV). Within the gaseous context, the only meansesfagating these majority of this energy is trapped within the translatiodegrees of freedom
ions would involve the presence of extreme temperaturdseicdrona. Con- associated with the fierential convection currents. The conduction bands
versely, the ions could be produced if condensed matter egpobtulated responsible for the solar magnetic fields likewise harnessesof the solar
to exist in this region of the Sun. The origin of highly ionizeons in the surface energy. The apparent temperature6®00K corresponds to the en-
corona constitutes one of the most elegant lines of evidordbe presence ergy contained within the photospheric vibrational degrefefreedom [41].
of condensed matter in this region of the Sun, supportingdea that the IThe eighth Plankian proof [45] was initially presented as 28th line
corona is, in fact, cool (see [60] ag8.8 for a complete discussion). of evidence [58].

2.3.7 K-Coronal Emissivity #7
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tivistic electrons to scatter photospheric light [160, 1834, due to increased path length[193]. Fig.11 presents this
187,188]. Currently, many of these structures are beliéwegohenomenon in X-Ray at 94A, for a somewhat active Sun.
derive their energy from coronal magnetic sources oveglyin
active regions [12]. That is a result having no other means of
accounting for this extensive and abrupt release of energy i
the gaseous Sun [179].

Within the context of the LMH model [35, 39], the white-
light emitted by coronal structures is associated withrthei
condensed nature. Since many of these formations originate
from eruptions taking place at the level of the photosphere,
such a postulate appears reasonable. As a result, coronal
structures should be regardedsa#f-luminous The explosive
increase in white-light is related to powerful lattice \alions
associated with their formation [21]. Long ago, Zo6line89]
had insisted that flares involved the release of pressunized
terial from within the Sun [3]. These mechanisms remain the
most likely, as they properly transfer energy out of the solig- 11: AIA X-Ray image of an active Sun obtained q2§2010

body, not back to the surface from the corona §&4). at 94A displaying limb brightening and surface activity. ighm-
age (20100528130155120094.jpg) has been provided Courtesy
3 Spectroscopic Lines of Evidence of NASA/SDO and the AIA, EVE, and HMI science teams using

) ) ] data retrieval (httg/sdo.gsfc.nasa.g@datgaiahmi).
Though Gustav Kirchhid erred [21-24] relative to his law of

thermal emission [15, 16], his contributions to solar sc&n  \yhen the observer is directly examining the center of
remain unchallenged. Not only was he amongst the firstipy opaque solar disk, weak spectral lines are obtained at
properly recognize that the Sun existed in liquid state§2, 2these frequencies. The lines brighten slightly as observat
but as the father of spectral analysis, along with RobertByfgyes towards the limb, owing to a slightly larger fraction
sen, he gave birth to the entire spectroscopic branch of sgffihe solar atmosphere being sampled (line of sight 2 versus
science [190, 191]. Using spectroscopic methods, Kirehhg in Fig. 12). However, immediately upon crossing the solar
su_ccessfully identified the lines from sodlu_m on the Sun afehb, a pronounced increase in spectroscopic intensityoean
this led to an avalanche of related discoveries, spanning Mg.corded. In fact, it approximately doubles, because ayear
than a century [190, 191]. Indeed, all of the thermal proqfge.-fold greater line of sight is being viewed in the solar at

discussed ig2, are the result of spectroscopic analysis, cefpsphere. This can be understood if one would compare a
tered on the blackbody spectrum observable in visible afjth of sight very near line 3 in Fig. 12 (but still strikingeh
infrared light. It is fitting that the next series of proof®argg)5, disk) with line 3 itself.

spectroscopic, this time centering on line emission of-indi |, this manner. UV and X-ray line intensities can pro-

vidual atoms or ions._ These eight lines of evidence highlighye strong evidence that the Sun possesses an opaque sur-
anew the power of Kirchh®'s spectroscopic approaches.  face at these frequencies which is independent of viewing an

. . gle. Limb darkening is not observed, as was manifested in
3.1 UV/X-ray Line Intensity #9 the visible spectrum (se§2.3.2), in that condensed matter is
The Sun is diicult to study in the ultraviolet (UV) and X-ray not being sampled. Rather, the behavior reflects that gases a
bands due to the absorption of this light by the Earth’s atmgeing monitored above a distinct surface through which UV
spheré€. As a consequence, instruments like the AIA aboasghd X-ray photons cannot penetréte.

NASA's Solar Dynamic Observatory (see Fig.11) are being

used for these observations [192, p.ix]. When the Sunis b2 Gamma-Ray Emission #10

served at these frequencies, striking evidence i,s,pmdu”?q}ccasionally, powerful gamma-ray flares are visible on the
the existence of a real solar surface. Harold Zirin dessrlbqucace of the Sun and Rieger [194] has provided evidence

the findings as follows;The case in the UV is gierent, be- 5 those with emissions10 MeV are primarily visualized
cause the spectrum lines are optically thin. Therefore one

would expect limb brightening even in the absence of tem- A 171A UV image from the quite Sun has been published [1928. 3

perature increase, simply due to the secant increase of pat‘ﬁ Solar Dynamic Observatory website can be accessed &geismat other

. . . frequencies in the ultra-violet (htfsdo.gsfc.nasa.gfatgaiahmi).
length. Although the intensity doubles at the limb, where w *Note that these findings further bring into question theagptdepth

see the back side, the limb brightening inside the limb i$-migrguments that had been brought forth to explain limb danigewithin the

mal ... Similarly, X-ray images show limb brightening signpbaseous models §2.3.3. Should the Sun truly possess a vacuum-like photo-
spheric density of only 10 g/cm?® [148], then the limb should not act as such
*This proof was first presented as the 25th line of evidencg [55 a dramatic boundary relative to the intensity of UV and X-eayissions.
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vance that: . .the anisotropy could result from the mirror-
ing of the charged particles in the convergent chromosgheri
magnetic fields[195, p. 237]. The anisotropy of gamma-ray
emission from high energy solar flares is thought to be gener-
ated by electron transport in the coronal region and magneti
mirroring of converging magnetic flux tubes beneath the-tran
sition region [195]. The energy required for flare generatio
could thereby be channeled down towards the solar surface
from the corona itself. Conveniently, the chromosphere in-
stantly behaves as aglectron mirror’. Devoid of a real sur-
face, another mechanism was createddtas a surface.

Fig. 12: Schematic representation of path lengths preshanhwhe

outer atmosphere (area outlined by dashes) of the Sun (bhaphay) b '_I'he inability to gr;]enerate flarefanlsotrolraly usmt? the m(;st
is viewed from the Earth. Paths 1 and 2 terminate on the sotar £PVIOUS means — the presence of a true photospheric surtace

face. Just beyond the limb, path 3 samples the front and bidek s— has resulted in a convoluted viewpoint. Rather than obtain
of the solar atmosphere, resulting in a two fold increasénia in-  the energy to drive the flare from within the solar body, the
tensity. This figure is an adaptation based on Fig. 2.4 in][282, gaseous models must extract it from the solar atmosphere and
along with this legend, was previously published [55]. channel it down towards the surface using an unlikely mech-
anism. It remains simpler to postulate that the anisotrdpy o
served in high energy solar flares is a manifestation that the
near the solar limb (see Fig. 13)5peaking of Rieger's find- syn has a true surface. The energy involved in flare gen-
ings, Ramaty and Simnett noted tti@amma-ray emitting eration can thereby arise from the solar interior, as postu-
flares are observed from sites located predominantly near fted long ago by Zoliner [189]. In this respect, the LMH

limb of the Sun ...Thisflect was observed for flares demodel [35, 39] retains distinct advantages when compared to
tected at energies0.3 MeV, but it is at energies10 MeV  the gaseous models of the Sun.

that the gfect is particularly pronounced ... Since in both of
these cases the bulk of the emission is bremsstrahlung frgm | ithium Abundances #11
primary electrons, these results imply that the radiatitere

trons (are)strongly anisotropic, with more emission in the diirchhoff’s spectroscopic approaches [190,191] have enabled
rections tangential to the photosphere than in directionag astronomers to estimate the concentrations of many element

from the Suh[195, p. 237]. in the solar at_mo_spheFeApp_Iication of these_methods have
led to the realization that lithium was approximately 140df
less abundant in the solar atmosphere than in meteors [196,
197].

In order to explain this discrepancy, proponents of the
gaseous stars have advanced that lithium must be trandporte
deep within the interior of the Sun where temperatures
>2.6x 10° K are sufficient to destroy the element by convert-
ing it into helium ['Li(p,@)*He] [198]. To help achieve this
goal, lithium must be constantly mixed [198—-200] into the
solar interior, a process recently believed to be facdidy
orbiting planets [201, 202]. Though these ideas have been re

Fig. 13: Schematic representation of approximate flaretiposi futed [203], they highlight the diculty presented by lithium
with >10 MeV of energy on the solar disk displaying their predon&bundances in the gaseous models.

inance near the limb. This figure is meant only for illustratpur- As for the condensed model of the Sun [35, 39], it ben-
poses and is an adaptation based on Fig. 9 in [194] which 8hogfits from a proposal [54], brought forth by Eva Zurek, Neil
be examined for exact flare locations. This figure was prelfou aghcroft, and others [204], that lithium can act to stakiliz
published in [49]. metallic hydrogen [88,92]. Hence, lithium levels could ap-

pear to be decreased on the solar surface, as a metallic hy-

~ The production of anisotropic emission would typicallyrogen Sun retains the element in its interior. At the same
imply that structural constraints are involved in flare prod time, lithium might be coordinated by metallic hydrogen in

tion. Since the gaseous Sun cannot sustain structure,@noill, corona, therefore becoming sequestered and unaeailabl
means must be used to generate this anisotropy. Baseqd PRmission as an isolated atom

theoretical arguments, Ramaty and Simnett consequently ad

This proof was initially discussed in [54]. See [47], for aalled dis-
*This proof was first presented as the eighteenth line of ecel§49].  cussion of how elemental abundances have been estimated.
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In this manner, lithium might be unlike the other elecially in the region of sunspots, that the chromosphere pre-
ments, as these, including helium, are likely to be expellednts an aspect of a very active network whose surface, un-
from the solar interior (se€5.1) as a result of exfoliative equal and rough, seems composed of brilliant clouds analo-
forces [48]. Lithium appears to have a low abundance, bgbus to our cumulus; the disposition of which resembles the
in reality, it is not being destroyed. This would better reteads of our rosary; a few of which dilate in order to form
oncile the abundances of lithium observed in the solar &ttle diffuse elevations on the sidefl, p. 31-36, V.II].
mosphere with that present in extrasolar objects. Cledrly,
lithium is being destroyed within the stars, it become&-di
cult to explain its abundance in meteors. This problem does
not arise when abundances are explained using a LMH model,
as metallic hydrogen can sequester lithium into its lattice

_— Spicules —
Corona

3.4 Hydrogen Emission #12

The‘flash spectrumassociated with solar eclipses character-
izes the chromosphete.The strongest features within this
spectrum correspond to line emissions originating from ex- Intergraniulae

cited hydrogen atoms. As far back as 1931, the outstand- Lane

ing chromospheric observer, Donald H. Menzel, listed more

than twenty-three hydrogen emission lines originatingrfrorig. 14: Schematic representation of spicules overlyirgyittter-
this region of the Sun (see Table 3 in [205, p. 28]). It is thgganular lane on the outer boundary of a supergranule and sur
cause of these emissions which must now be elucidated. Thmded by magnetic field lines emanating from the solarasetf
most likely scenario takes advantage of the condensation Wpile simplistic, this illustration conveys the basic stural ele-

pearing to occur in the chromospheric layer (§6e4 §5.6 ments needed for discussion. This figure was previouslyighdd
and [56, 59]) in [59] and is an adaptation based on Fig. IV-13 in [206, p]162

Chromosphere

Supergranule

By modern standards, the nature of the chromospherere- ) )
mains a mystery, as Harold Zirin reminds tihe chromo- At first glance, spicules are thought to have a magnetic

sphere is the least-well understood layer of the Sun’s atnfigin, as these fields seem to flood the chromosphere [148,
sphere...Part of the problem is that it is so dynamic and-trah>0, 206-215]. In reality, matter within the chromosphere
sient. At this height an ill-defined magnetic field dominat&§ems to form and dissipate quickly and over large spatial
the gas and determines the structure. Since we do not krfgient, With spicules reaching well into the corona [148),15
the physical mechanisms, it is impossible to produce a re&6-215]. The random orientation which spicules display,
istic model. Since most of the models ignored much of & hoted long ago by Secchi [1, p.31-36, V. 1I], along with
data, they generally contradict the observational datap-Tytheir velocity profiles (se€5.6), should have dispelled the
ical models ignore other constraints and just match only tfglief that these structures are magnetic in origin. Rather
XUV data; this is not enough for a unique solution. It reh€y appear to be products of condensat§ig).
minds one of the discovery of the sunspot cycle. While most!f spicules and chromospheric matter are genuinely the
of the great 18th century astronomers agreed that the suns gduct of condensation reactions, then their mechanism of
occurrence was random, only Schwabe, an amateur, took ipgnation might shed great light into the emissive nature of
trouble to track the number of sunspots, thereby discogeriiis solar layer.
the 11-year cycleT193]. But if mystery remains, it is resul-
:zztsoljrt]he denial that condensed matter exists in this lafer 4 1 1o Liquid Metallic Hydrogen Solar Model

The chromosphere is characterized by numerous striibe search for answers begins by considering condensation
tural features, the most important of which are spicules (§&rocesses known to occur on Earth [59].
Fig. 14) [59, 150]. Even in the mid-1800s, Secchi would pro- In this respect, while studying the agglomeration of sil-
vide outstanding illustrations of these objects (see Phatever clusters, Gerhart Ertl's (Nobel Prize, Chemistry, 2007
in [1, V. 11]). He would discuss their great variability in bo |aboratory noted thatExothermic chemical reactions may
size and orientatiort]n general, the chromosphere is poorlybe accompanied by chemiluminescence. In these reactions,
terminated and its external surface is garnished with fésgthe released energy is not adiabatically damped into thet hea
... It is almost always covered with little nets terminatad bath of the surrounding medium but rather is stored in an ex-
a point and entirely similar to hair ... it often happens, esp

fWhile non-magnetic, spicules might nonetheless be confiyetag-
“This proof was first presented as the seventeenth line oéee@[47, netic fields present in the charged plasmas or coronal ricehgiirogen that
59]. surrounds them, much as illustrated in Fig. 14.
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cited state of the product; decay from this excited statb¢o t3.4.2 The Gaseous Solar Models
round state is associated with light emissid@16]. L . .
g Th i fint ¢ . Id i 3 q ]Th hTl'he situation being promoted §8.4.1, concerning hydrogen
€ reactions ohinterest are seldom studied. Thos€ Whiel), o icqion in the chromosphere, is completely unlike tha
must arouse attention involve the condensation of two silve

: . currently postulated to exist within the gaseous Sun [59]. |
fragments and the formation of an activated cluster SPECiES yp 9 [58]

AGh + Agm — Ade.. [216]. With respect o the chromo- e gas models, line emission relies on the accidentalaxcit

sphere, the important features of these reactions invblee gon of hydrogen through bombardment with either photons
pnere, P . . r electrons [206, p.2]. The process has no purpose or rea-
realization that condensation processes are exothermic.

; .~ son. Atoms are randomly excited, and then, they randomly
When silver clusters condense, energy must be dissipatgl;
thrc_Ju_gh light emission. This co_nst_itutc_es a vital clue i_n €%~ przybilla and Butler have studied the production of hy-
plaining why the chromosphere is rich in hydrogen emissigp,en emission lines and the associated lineshapes in the
lines [59, 205]. Once an activated cluster is formed, it C3seous models. They reached the conclusion that some of
relax by ejecting an excited atom: fg, — Agmin-1 + AG".  the hydrogen emission linésollisionally couple tightly to
The reactions are completed when the ejected excited SPeg{g continuumT221]. Their key source of opacity rests with
emits light to reenter the ground state:"Ag Ag + hv. the H ion, which has previously been demonstrated to be in-
Taking guidance from the work in metal clusters [216¢apable of providing the desired continuous emission [42].
hydrogen emission lines in the chromosphere might be segincourse, it is impossible técollisionally couple tightly
as produced through the condensation of hydrogen fragmegShe continuum’[221] in the gaseous models, as the con-
Hn + Hm — H,, . The resultant condensation product coulghyum originates solely from opacity changes produced by
then relax through the ejection of an excited hydrogen atogp, array of processes [42]. In the chromosphere, where av-
Hiwin = Hmeno1 + H*, which finally returns to a lower energyerage densities are postulated to be extremely loh0(*®
state with light emission, H— H + hyv. This could give rise g/cm? [148]), continuous emission is thought to be produced
to all the Lyman lines (M > 1 —N; =1). If one postulates py peytral H, H, Rayleigh scattering, and electron scatter-
that the excited hydrogen atom can hold its electron in agy (see [145, 146] and [150, p. 151-157]). Clearly, it is not
excited orbital N >2, H™, then the remaining complemenhgssible to tightly couple to all of these mechanisms at once

of hydrogen emission lines could be produced H H* + hv Przybilla’s and Butler's computations [221] involve con-
(Balmer N, > 2 —N; =2, Paschen series;N- 3 - N1 =3, sjderation of line blocking mechanisms and associated-opac
and Brackett series\N> 4 — Ny =4). ity distribution functions [222]. Stark line broadening che

But since the chromosphere is known to possess spicld@égsms must additionally be invoked [223].
and mottles [148, 150, 206-215], it is more likely that hy- Beyond the inability of gases to account for the contin-
drogen is condensing, not onto a small cluster, but rathgsus spectrum and the shortcomings of solar opacity calcu-
onto very large condensed hydrogen structures, CHS*[5%tions [42], the central problem faced in trying to explain
The most logical depositing species in these reactionsavokydrogen emission and the associated line shapes rests in th
be molecular hydrogen, as it has been directly observedsitark mechanisms themselves. Stark line broadening relies
sunspots [217,218], on the limb [219], and in flares [218]pon the generation of local electric fields near the engjttin
Importantly, the emission from molecular hydrogen is gartinydrogen atom. These fields are believed to be produced by
ularly strong in chromospheric plages [220], providing-fufons or electrons which come into short term contact with the
ther evidence that the species might be the most approprigtétting species [223]. On the surface at least, the approac
to consider. seems reasonable, but in the end, it relies on far too many

As aresult, itis reasonable to postulate that molecular Iparameters to be useful in understanding the Sun.
drogen could directly interact with large condensed hydrog  In the laboratory, Stark broadening studies usually cen-
structures, CHS, in the chromosphere [59]. The reaction ter uponextremely dense plasmasith electron numbers ap-
volved would be as follows: CHS$ H, — CHS-H,. This proaching 18" cm=3 [224]. Stehlé, one of the world’s preem-
would lead to the addition of one hydrogen at a time to largreent scientists relative to Stark linewidth calculatid@23,
condensed structures and subsequent line emission from22®, 226], has analyzed lineshapes to infer electron nusnber
ejected excited species; H»> H + hv. Numerous reactionsranging from 18° to 10t” cm3 [227]." She initially assumes
could simultaneously occur, giving rise to the rapid groofth that plasmas existing within the chromosphere10,000K)
chromospheric structures, accompanied with significghtli have electron numbers in the@m range [223]. Other
emission in all spectral series (i.e. Lyman, Balmer, Pasche
and Brackett).

fWhile the vast majority of plasma studies report electronsites in
the 137 cm™3 range, the He I studies range from'¥@m=3 to 107 cm3
[224]. The lowest electron numbers,’2@m3, are produced using arc dis-
*Chromospheric condensed hydrogen structures, CHS, &g tix be charge low density plasma settings. However, these cowd liide rele-
composed of extremely dense condensed matter whereinuaéydrogen vance in the Sun, as arc experiments rely on the capacithahalige of large
interactions linger [92]. voltages. They do not depend on fluctuating electromagfietis [228].
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sources call for much lower values. For instance, electrexperimental shortcomings. Spatially aligned electrild§e
numbers of~10® m=2 (or ~10'° cm3) are obtained from cannot exist throughout the spicular region of a fully gaseo
radio measurements by Cairns et al. [229] and of no ma®ar atmosphere, lone electrons are unlikely to produee th
than ~10' m™3 (or ~10° cm™3) are illustrated in Dwivedi desired electric fields, and atoms such as argon have éttle r
Fig. 3 [157, p. 285]. Stark experiments on Earth typically utevance to hydrogen. In any case, given enough computational
lize electron numbers which are approximately 1-100 nmillidlexibility, any lineshape can be obtained, but opacity @bns
times greater than anything thought to exist in the chromerations remain [42].
sphere.
_A minor_ objection to the use _of St_ark broadening to ex-4 3 Summary
plain the width of the hydrogen lines in the gaseous models
rests on the fact that the appropriate experiments on hydks-just mentioned ir§3.4.2, Stark experiments involve elec-
gen plasma do not exist. The plasma form of hydrogen (H tipn densities far in excess of anything applicable to tharso
is made of protons in a sea of electrons. It lacks the valerakgomosphere. Using the same reasoning, it could be argued
electron required for line emission. The closest analoguetiiat metallic hydrogen has not been created on Earth [39,92]
excited hydrogen in the Sun would be ionized helium in tiéhe criticism would be justified, but this may be simply a
laboratory [224], although ionized Argon has been used foiatter of time. Astrophysics has already adopted these ma-
the H3 profile [227] terials in other settings [93—96] and experimentalistyate
However, the most serious problem rests in the realizating ever closer to synthesizing metallic hydrogen [39, 92]
that these methods are fundamentally based on the presdigeSun itself appears to be making an excellent case that it
of electric or electromagnetic fields in the laboratory. ier is comprised of condensed matter.
stance, the inductively produced plasmas analyzed byé&tehl Unlike the situation in the gaseous solar models, where
[227] utilize discharges on the order of 5.8 kV [227]. Inhydrogen emission becomes the illogical result of random re
ductively produced plasmas involve directionally-ostitig actions, within the context of the liquid hydrogen model, it
electromagnetic fields. Spark or arc experiments utiliaticst can be viewed as the byproduct of systematic and organized
electric fields to induce capacitive discharges acrossggeluarprocesses (seg3.4.1). An underlying cause is associated
plates. In every case, the applied electric field aakstinct with line emission, dissipation of the energy liberated-dur
orientation Such conditions are flicult to visualize in a ing condensation reactions. The driving force is the raegapt
gaseous Sun, particularly within the spicules (§8et and of hydrogen through condensation, leading ultimately $o it
§5.7), given their arbitrary orientations. Random field nrie re-entry into the solar interior. This tremendous advaatag
tations are incapable of line broadening, as well undedstazannot be claimed by the gaseous models.
in liquid state nuclear magnetic resonance. Pressure (or collisional) broadening can be viewed as the
Stark broadening requires constraints on the electric. fiefdost common mechanism to explain line broadening in spec-
In the gaseous models, these must take the form of a chargesicopy. This mechanism can be invoked in the condensed
particle which approaches, precisely at the correct momenodel, because the atmosphere therein is not devoid ofimatte
an emitting species. The use of such mechanisms to accdaees$2.3.6,§5.4,85.5,§5.6,§6.6 and [56, 58, 59]).
for chromospheric line profiles is far from justified. But, as It is possible that line broadening is occurring due to di-
the gaseous models cannot propose another explanationrest-interaction between the emitting species and condense
erything must rest on Stark mechanisms, however unlikdélydrogen structures in the chromosphere. In this case; emis
these are to be valid in this setting. sion would be occurring simultaneously with the ejection of
In the end, it is not reasonable that matter existing at thgdrogen. Under the circumstances, hydrogen line shapes
concentration of an incredible vacuum1(0° g/cm?® [148]) may be providing important clues with respect to the interac
could be Stark broadened, given the extremely low electriéen between molecular hydrogen and larger condensed struc
numbers associated with the chromosphere [157,229]. Cdufes in the chromosphere. If Stark broadening mechanisms
putations have merely extended ooipservational rangeto play any role in the Sun, it will only be in the context of con-
electron numbers never sampled in the laboratory. Accgrdensed matter generating the associated electric field.
to the gas models, the chromosphere is a region of extremely
low density, but high density plasmas must be studied to éh> Elemental Emission #13

able Stark analysis. Then, while the results of Stark broadgeyond hydrogen, the solar chromosphere is the site of emis-

ing calculations appear rigorous on the surface, they @ontgion for many other species, particularly the metals of the
*The use of argon to represent hydrogen immediately sugthegthese main grOl_Jp _and tran.smon eIeme_ﬁtsFor gaseous models,

methods are not relevant to the Sun. Unlike hydrogen, arganvhlence th€Se emissions continue to be viewed as the product of ran-

shells containing up to 18 electrons. This many electrofmenaeither ion- dom events (se§3.4.2). However, for the LMH model, con-
ized or polarized, presents an analogue with little or nemdsance to hy-
drogen and its lone electron. "This proof was first presented as the thirtieth line of evidef59].
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densation remains the focu$3(4.1), but this time with the §3.6 and§4.7).
assistance of the hydrides. When sampling the solar atmosphere, electron densities
The solar disk and the sunspots are rich in hydrides @ppear to rise substantially as one approaches the phetesph
cluding CaH, MgH, CH, OH, KO, NH, SH, SiH, AlH, CoH, (see [229]and [157, p.285]). Hence, the lower chromosphere
CuH, and NiH [230, 231]. CaH and MgH have been knowis somewhat electron rich with respect to the upper regiéns o
to exist in the Sun for more than 100 years [232]. Hydrogémis layer. Thus, in the lower chromosphere, condensagion r
appears to have a great disposition to form hydrides and thisions involving the ejection of atomic hydrogen and redutr
is important for understanding the role which they play & ttatoms can abound. As the altitude increases, a grefiter a
chromosphere. ity for electrons arises and condensation can now be facili-
At the same time, the emission lines from Call and Mgtated by species like as the metal hydrides, which can delive
are particularly strong in the chromosphere [206, p. 363}36two electrons per hydrogen atomThis explains why Call
These represent emissions from the” @ad Mg’ ions. Yet, lines in the chromosphere can be observed to rise to great
the inert gas configurations for these atoms would lead ondneaghts [193].
believe that the C& (Calll) and Mg (Mglll) lines should At the same time, lines from neutral metals, M, are more
have been most intense in the chromosphere. As such, whyrisvalent in the lower chromosphere [193]. Since this area
the Sun amplifying the Call and Mgll lines? Surely, this catis electron rich, a two electron delivery system is unneces-
not be a random phenomend3(4.2); as these should havesary and reactions of the following form can readily occur:
led to the buildup of the most stable electronic configuratiol) MH + CHS — CHS-HM*, 2) CHS-HM — CHS-H +
The answer may well lie in reconsidering the condengd*, and 3) M — M + hv. In this case, only a single electron
tion reactions presented §8.4.1, but this time substitutinghas been transferred during hydrogen condensation.
CaH for molecular hydrogen. It should be possible for CaH Perhaps, it is through the examination of linewidths that
and a condensed hydrogen structure, CHS, to interacttherde most interesting conclusions can be reached. The emis-
forming an activated complex, CHS CaH — CHS-HC4. sion lines of Hy, Ca, and Mg from spicules are very broad,
This complex could then emit a Call ion in activated stateuggesting a strong interaction between CHS and the ejected
Ca', and capture the hydrogen atom: CHS-HEaCHS-H atoms, in association with ejection and light emission {234
+ Ca™*. Finally, the emission lines from Call would be pro236]. In contrast, spicule emission linewidths froms,HHy,
duced, as Cd (Call") returns to the ground state: Ca— He, the D3 line from He, and the neutral line from oxygen
Ca" + hv. As was the case when discussing the condensatipg all sharp [234]. One could surmise that the interaction
of molecular hydrogen§@.4.1), if one permits the electronsbetween these species and condensed hydrogen structires ar
within the excited state of Call to initially occupy any eleoweaker upon ejection.
tronic orbital, Calt*, then all possible emission lines from |t is reasonable to conclude that the hydrides play an im-
Call could be produced: Ca — Ca™ + hv. A similar portant role in facilitating condensation within the chiom
scheme could be proposed for MgH and the other metal Rhere [59]. Hydrides enable the delivery of hydrogen in a
drides, depending on their relativiiaity for CHS. systematic manner and, most importantly, either one or two
There is an important distinction between this scenae{ectrons, depending on the electron densities preserfteon t
and that observed with molecular hydrogg8.¢.1). When local level. Such an elegant mechanism to account for the
metal hydrides are utilized in this scheme, the condensatjgrevalence of Call and Mgll in the chromosphere cannot be
reactions are delivering both a proton aeb electrons to achieved by other models. Moreover, unlike the LMH model,
the condensed hydrogen structure. The reactions involvihg gaseous models take no advantage of the chemical species
molecular hydrogen delivered a single electron. This @ger known to exist in the solar atmosphere.
ing difference can help to explain the varying vertical extent
of the chromosphere when viewed ivHCall, or Hell (see 3.6 Helium Emission #14

*Here is a brief list of interesting ions and the ionizatioreies The analysis of helium emission in the chromosphere may
required for their production: HH 13.6 eV; Hell=24.6 eV; Helll= 54-4eV(;j well provide the most fascinating adventure with regard to
Mgll =7.6eV; Mglll=15.0eV; Call=6.1eV; Calll=11.8eV an P : : g
FeXIV=361eV [233]. In this respect, note how the first ionized forr;[lh.e spectros_cop|c lines Qf eV|dgnEeTh|s stands ag flttlng
of helium, Hell, requires 24.6eV for its production. The geation of tribute to helium [47], as it was f'_rSt Obs_erved to QXISI onthe
many triplet forms of orthohelium Helwill demand energies of20eV. Sun [237,238]. These seminal discoveries exploited the-pre
To remove two electrons from calcium yielding Calll (thetd&aCa < ion) ence of helium within prominences and the disturbed chro-
only requires 11.8 eV. As a result, how can the gas modelsuatdor the : _
presence of Call lines at high altitude on the Sun (5-10,0@) kvhen this mosphere [239' 240]' Astronomers would come to view so
ion only requires 6.1 eV for production? If such powerful Had Hef can lar helium as extremely abundant [241, 242], but these con-

be observed, why is Calll, which requires only 11.8 eV forgeneration

and has the inert gas, [Ar], configuration, not the prefefoenh of calcium? fAs will be seen ing3.8, it is envisioned that the corona of the Sun is
This provides a powerful clue that the presence (or absefee) individual harvesting electrons.
ion on the Sun is related to chemistry and not to temperature. *This proof was first presented as the 32nd line of evidenck [61
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clusions have been challenged and may need to be revisitedDuring the eclipse of March 29, 2006, the triplet D3 line
[47,48,61]. There is considerable reason to conclude tigat was carefully examined. It appeared to have a binodal d#itu
solar body is actively ejecting He from its interior [47,48] distribution with a small maximum at250 km and a stronger

Though helium can be found in spicules [193] and promiaximum between 1300-1800km (see Fig. 6 in [244]). This
nences, it is diicult to observe on the solar disk. It can bbimodal distribution was not always observed (see Fig.7 in
readily visualized in the chromosphere where the spatial §244]). But generally, the D3 line is most intense at an alti-
tent of the 30.4 nm Hell emission lines can greatly excetdie of~2,000 km, with an emission width of approximately
those from H (see the wonderful Fig.1 in [243]). With1,600km. The triplet D3 lines show no emission near the
increased solar activity, helium emission can become pphotosphere.
nounced in the solar atmosphere (see Fig. 15 and [244]). Within the context of gaseous models, it is extremely dif-
ficult to account for the presence of excited Hel tripletesat
in the chromosphere. Helium require0eV to raise an
. & electron from the M1 shell to the N-2 shell. How can exci-

W i : tation temperatures in excess of 200,000K be associatéd wit

2000 0 a chromosphere displaying apparent temperatures of 5,000-
10,000K, values not much greater than those existing on the
photosphere?

Therefore, since proponents of gaseous models are unable
to easily account for the powerful D3 line emission, theyeéhav
no choice but to state that helium is being excited by coronal
radiation which has descended into the chromosphere [244,
246]. In a sense, helium must lectively heatedby the
corona. These proposals strongly suggest that the gaseous
models are inadequate. It is not reasonable to advance that

Fig. 15: Image of consecutive years in the solar cycle tak8R element can be selectively excited by coronal radiation,
in the Hell line at 30.4 nm. NASA describes this imagé”d this over its many triplet states. At the extreme, these

as follows, “An EIT image in the 304 Angstrom wavelengttschemes would imply that coronal photons could strip away
of extreme UV light from each year of nearly an entire sa@ll electrons from chromospheric atoms. Yet, even linesifro

lar cycle”. Courtesy of SOH@EIT] consortium. SOHO is nheutral atoms are observéd.

a project of international cooperation between ESA and NASA On the other hand, helium emissions can be easily under-

(http;/sohowww.nascom.nasa.ggalleryimagegcycle002.html — stood in the LMH model [35, 36, 39], if attention is turned

Accessed on/2(2013). toward condensation reactions believed to occur within the
chromosphere (se§3.4,§3.5 and [59, 61]).

In the chromosphere, the helium which gives rise to emis- . . .
Lo . In this respect, it must be recognized that the famous he-
sion lines can possess both of its electrons (Hel) or lose,an . . s -
. llim hydride cation (HeH) “is ubiquitous in discharges con-
electron to produce an ion (Hell). Hell resembles the hydrg- . .
o ) . . .. taining hydrogen and helium[247].
gen atom in its electronic configuration. However, the situa _. . .
! . : —_First discovered in 1925 [248], HeHhas been exten-
tion concerning Hel can be more complex. When this species : .
L ) o Sively studied [249, 250] and thought to play a key role in
exists in the ground state, both of its electrons lie in thetS . . .
. ; T } . .certain astrophysical settings [251-253]. In the laboyatts
bital (N=1) with their spins antiparallel, as dictated by Pauli’s . )
. L ! ! .~ Spectral lines were first observed by Wolfgang Ketterle (No-
exclusion principle. In the excited state (i.e. 1 electmthie bel Prize, Physics, 2001) [254, 255]. The author has previ
N=1 shell, and the second electron in any of thelNshells), » FTYSICS, ’ ' P

helium can exist either as a singlet (parahelium — spins qusly noted,"Although it exists only in the gas phase, its

. ) : rensted acidity should be extremely powerful. As a result,
maining antlparallel fo one another) orasa triplet (Orﬁ.}o"‘he hydrogen hydride cation should have a strong tendency
I|um_— Spins assume a parallgl configuration). Inter(_esy,ng o donate a proton, without the concerted transfer of an-elec
the line emissions from the triplet states of orthohelium ¢

. . fron [61].
be qung strong on the limb of the _Sun. o Turning to Fig. 16, it appears that the action of the helium
For instance, a well-known triplet Hel transition occur

at 1083 nm (10830A) which is barely visible on the disk, bﬁyd”de cation, Het, can lead to a wide array of reactions

it is nearly as intense asdHon the limb [245, p. 199_200].Wlthln the chromosphere. These processes are initiatdd wit

At the same time, the Hel triplet D3 line at 588 nm can h@the disk [245, p. 199-200].

enhanced 20 fold when visualization moves from the disk to "1ev=11,600K ; 20 e\=232,000K.

the limb [245, p. 199-200]. Selective excitation was also used to account for the eamisines
from molecular hydrogen [220]. But it is more likely that #eereflect the
*Lines from neutral helium can be enhanced 50 fold on the lietdtive ~ delivery of a hydrogen cluster (s§8.4.1) with H; rather than M expulsion.
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its transfer to condensed hydrogen structures, CHS, feelieveactions (namely: CHS-HHe— CHS-H" + He*). Expul-

to be be forming (se€2.3.6, §3.4, §3.5, §3.7, §5.4, §5.6, sion of an activated helium atom (Hecan lead to two condi-

§6.6) in this region of the solar atmosphere. As was the ca®ms, depending on whether the electrons within this gseci

with hydrogen §3.4) and elementagB.5) emission lines, ev-are antiparallel (parahelium) or parallel (orthohelium).

erything hinges on the careful consideration of condeosatiWithin helium, the excited electron is allowed by selection
rules to return to the ground state, if and only if, its spin is

HeH*+ CHS —— CHS-H-He** ——» CHS-H + He*+ opposed to that of the ground state electron. As a resul, onl
3\ parahelium can relax back to the ground state* HeHe +
He hv. This leads to the Hel lines from singlet helium.
H* g hv . . e .
N He Hel As for the excited orthohelium, itis unable to relax, as its
Hel?inglet N4 CHs-H* emission two electrons have the same spin (either both spin up or both
emission He* spin down). Trappedin the excited state, this species can at

once react with hydrogen, forming the excited helium hyelrid
molecule, which, like the helium hydride cation, is known to
exist [256,257]: H&+ H — HeH".
Excited helium hydride can react with CHS in the chro-
Hell*# CHs ——3 ‘CHBFIFIe — CHS-H+ Fe™ mosphere, but now resulting in a doubly activated complex:
CHS + HeH" — CHS-H-He™*, wherein one electron remains
; . in the ground state and the other electron is promoted beyond
He*  Hel triplet the 2S shelt. To relax, the doubly excited Heatom, must
(ortho)  emission permit an electron currently in the 2P or higher orbital,ge r
turn to the 2S or 2P orbitals.
The helium 3 line would be produced by a®B—23P

Fig. 16: Schematic representation of possible pathwayshiad

when the helium hydride ion, Hellor the excited helium hydride .. 3 L7 .
molecule, HeH, react with condensed hydrogen structures, CHS,Hrr?nsmon [245, p. 95]. TheP—2°S transition is associated

the chromosphere of the Sun. The pathways presented caDMCcW'th the strong triglet He I_Ii_ne at 10830A [245’_ p. 95]. ALt_er
for all emission lines observed from He | and He . Note insthinatively, a 3P—2°S transition produces the triplet He |l line

scheme that excited helium, Hés being produced initially through at 3890 A [245, p. 95].
the interaction of He# with CHS. This excited helium, Heif it Importantly, since excited orthohelium cannot fully relax
assumes the triplet state (orthohelium — electrons in theesari- back to the ground state, it remains available to recondense
entation: spin ufup or dowridown), will become trapped in excitedwith atomic hydrogen in the chromosphere. This results in
state. This triplet helium can then be used repeatedly,dhiaciash- its continual availability in the harvest of hydrogen. A bgc
ion, to condense hydrogen atoms onto chromospheric sta;tunrocess has been created using orthohelium)(Hée prim-
CHS (as shown in the lower half of the figure). Alternatively, i of this cycle had required but a single instance where hy-
gxmted helium He_ls initially prc_)duce_d |r_1 the_ singlet state (.pa.rahedrogen was transferred to CHS by HeHwithout the com-
lium — electrons in dierent orientation: spin ygown), emission -

plementary transfer of an electron (top line in Fig. 16k

can immediately occur generating the singlet lines from .Hehis ) . :
scheme accounts for the strong triplet He | transition aB008ob- IS manner, much like what occurred in the case of molecu-

served in the flash spectrum of the chromosphere. Unlikeithe 1 hydrogen$3.4) and the metal hydride$g.5), the body of
uation in the gas models, random collisional or photon exicins the Sun has been permitted to recapture atomic hydrogen lost
are not invoked to excite the helium atoms. De-excitatimtesses to0 its atmosphere. It does not simply lose these atoms wiithou
would also be absent, helping to ensure the buildup of trigilte  any hope of recovery [59, 61, 62].
orthohelium in this model. This figure, along with its legemds Within the LMH model, the prominence of the helium
previously published in [61]. triplet lines can be elegantly explained. They result frow t
systematic excitation of helium, first delivered to condshs
FirSt, HeH and CHS react to form an activated Compleﬁydrogen structures by the helium hydnde cation (le‘d{
CHS+ HeH" — CHS-H-He™. If the expulsion of an excited well-known molecule [247—254] and strong Brensted acid.
helium ion (He™) follows, full transfer of a proton and anThe generation of triplet state excited helium can be erplii
electron to CHS will have occurred (top line in Fig. 16). Thg 3 systematic fashion and does not require unrealistie tem
resulting He™ would be able to relax back to a lower energyeratures in the corona. It is not an incidental artifact pro

state through emission, leading to the well known He Il linegyced by improbably selective excitations generated using
in the chromosphere (top right in Fig. 16).

Alternatively, when HeH reacts with CHS, the expulsion *The possibility that H& could have no electrons in the ground state is

. . : ;- not considered.
of an excited helium atom (Hcould follow (see Fig. 16) in- "The production of Call emission lines from CaH had resultethi

volving the transfer of a proton_— but no eIectron.— to theansfer of two electrons per hydrogen atom (§8&). This can help keep
CHS. As a strong Bransted acid, Heldhould permit these charge neutrality in condensation reactions involving HeH
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coronal photons. Organized chemical reactions govern #ral glaring exception to the general rule. The hydrogendine

behavior of helium in the Sun, not random events. of the Balmer series, and, as Babcock has recently shown, of
_ the Paschen series as well, are very strong in the Sun, though
3.7 Fraunhofer Absorption #15 the energy required to put an atom into condition to absorb

When examined under high spectral resolution, the visiBf¥S€ Series is, respectively, 10.16 and 12.04 volts — highe
spectrum of the Sun is punctuated by numerous absorpffdan for any other solar absorption lines. The obvious expla
lines, which appear as dark streaks against a brighter bde&lion — that hydrogen is far more abundant than the other
ground: These lines were first observed by Wiliam Hyd§!éments — appears to be the only o7, p. 21-22]. _
Wollaston in 1802 [258]. They would eventually become !N the photospheric spectrum, the hydrogen absorption
known asFraunhofer linesafter the German scientist whdN€S are so intense that the observer can readily garnar dat
most ably described their presence [259]. Fraunhofer lif@M the Lyman (N1 — N=2 or higher), Balmer (N2 —

can be produced by manyfiirent elements. They manifesti=3 or higher), Paschen ¢8 — N=4 or higher), and Brack-
the absorption of photospheric light by electrons, corein€tt (N=4 — N=6 or higher) series [87, 205, 260-264].

within gaseous atomic or ionic species above the photospher The central questions are three fold: 1) Why are the hy-
which are being promoted from a lower to a higher ener§jgen lines broad? 2) Why does hydrogen exist in excited
level. state as reflected by the Balmer, Paschen, and Bracket? lines

In 1862, Kirchhdf was the first to argue that the Fraun@nd 3) Why is the normal quantum mechanical distribution of
hofer lines provided evidence for a condensed solar Binly, the Balmer series distorted as first reported by Unsold][260
order to explain the occurrence of the dark lines in the solar N the gaseous models ftiirent layers of the solar atmo-
spectrum, we must assume that the solar atmosphere inclG$¥¥re have to be invoked to account for the simultaneous
a luminous nucleus, producing a continuous spectrum, &seénce of Lyman, Balmer, Paschen and Brackett line pro-
brightness of which exceeds a certain limit. The most prolf4€s in the solar spectrum [261-264]. Once again, as when
ble supposition which can be made respecting the Sun’s cBfldressing limb darkening (s¢&.3.2), the models have re-
stitution is, that it consists of a solid or liquid nucleugaied CoUrse to optical depth [261-264]. These approaches fail to
to a temperature of the brightest whiteness, surroundechby@f€guately account for the production of the excited hydro-
atmosphere of somewhat lower temperatuf@30, p.23]. ~ 9en absorption. _ .

Amongst the most prominent of the Fraunhofer lines are AS noted in§3.4, in the setting of the LMH model, ex-
those associated with the absorption of photospheric lightcitéd hydrogen atoms can be produced through condensation
the hydrogen atoms. The preeminent Fraunhofer lines E&Ctions occurring in the solar chromosphere. These atoms
generated by the Balmer series. These lines are produg@gld be immediately available for the absorption of phston
when an excited hydrogen electron=<{R) absorbs sfiicient &r1Sing from .photos_phgnc emission. Hence, condensation r
energy to be promoted to yet higher levels(N=2—N=3 actions provide an indirect mechanism to support the genera
656.3nm; BB N=2—>N=4 486.1nm; H N=2—>N=5 Uon of many hydrogen Fraunhofer line. Since these lines are
434.1nm; B N=2—>N=6 410.2nm; etc). They can pddeing produced in close proximity to condensed matter, it is
readily produced in the laboratory by placing hydrogen gg%asonable to conclude that their linewidths are deterthine
in front of a continuous light source. by their interaction with ;uch materials gnd not from ogtica

In 1925, Albrecht Unsold reported that the solar Fraufi€Pth and Stark mechanisms (§@e4). This may help to ex-
hofer lines associated with hydrogen did not decrease asRIRIn why the intensity of the Balmer lines, as first repotigd
pected [260]. He noted intensities across the Balmer sefifs0ld [260], do not vary as expected in gases from quantum
(Ho=1; Hg=0.73; H,=0.91; H;=1) which where highly mechanical con5|derat|0_ns. Unsbl_d’s findings [260] sj;m_n
distorted compared to those expected in a hydrogen gasS43gest that the population of excited hydrogen atoms is be-

predicted using quantum mechanical considerations<(tt N9 distorted by forces not known to exist within gases. Once
Hy=0.19; H, = 0.07; H; = 0.03) [260]. again, this calls attention to condensed matter.

Hydrogen lines were known to be extremely broad fro .
the days of Henry Norris Russell and Donald H.yMenzeI, Whlgld8 Coronal Emission #16
had observed them in association with solar abundance [88]was discussed i§2.3.7, the K-corona is the site of con-
and chromospheric studies [205], respectively. Commagntiinuous emission which reddens slightly with altitude, but
on the strength of the hydrogen Balmer series, Henry Nomibose general appearance closely resembles the photspher
Russell would write ‘It must further be born in mind that spectrum [57]. This leads to the conclusion that condensed
even at solar temperatures the great majority of the atomsroétter must be present within this region of the Sun [57].
any given kind, whether ionized or neutral, will be in thestasStill, the nature of the corona is more complicated, as the
of lowest energy . One non-metal, however, presents a reaame region which gives rise to condensed matter in the K-

*This proof was first presented as the sixteenth line of ecieé#7,59]. TThis proof was first presented as the 31st line of evidences[H0
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corona is also responsible for the production of numerous Moreover, condensed matter can have tremendous elec-
emission lines from highly ionized elements (e.g. FeXltron dfinities. This is readily apparent to anyone studying
FeXXV [192]) in the E-corona [60]. lightning on Earth. Thunderhead clouds have been assdciate
When examined in light of the gaseous solar models, thvigh the generation of 100 keV X-rays [274, p. 493-495], but
production of highly ionized species requires temperatire no-one would argue that the atmosphere of the Earth sustains
the million of degrees [192]. Temperatures as high as 30 Mémperatures of K. Lightning can fornf‘above volcanoes,
have been inferred to exist in the corona [192, p. 26], eviensandstorms, and nuclear explosion&74, p.67]. It rep-
if the solar core has a value of only 16 MK [13, p. 9]. Flargesents the longest standing example of the power of efectro
have been associated with temperatures reachitig [@73], affinity, as electrons are transferred from condensed matter in
and radio sampling has called for values betweeh dfd the clouds to the Earth’s surface, or vise versa [274-276].
109K [245, p. 128]. Metallic hydrogen should exist in the K-corona, as Type-
Given the temperatures inferred in attempting to expldinnaterial has been ejected into this region (§2€3.8) by
the presence of highly ionized atoms in the K-corona, practivity on the photosphere [58]. Electrical conductiviity
ponents of the gaseous models deny that this region carilie region is thought to be very high [277, p.174]. Thus,
comprised of condensed matter. Harold Zirin summarizes the production of highly ionized elements can be explaified i
situation best;. . .there is something erroneous in our basigaseous atoms come into contact with this condensed matter.
concept of how ionization takes placg45, p. 183]. For example, iron (Fe) could interact with metallic hydroge
Rather than cause a dismissal of condensed matter, si\H) forming an activated complex: MH# Fe - MH-Fe".
extreme temperature requirements should lead to the aeallzxcited Fe could then be ejected with an accompanying trans-
tion that the gaseous models are fundamentally unsound [6@] of electrons to metallic hydrogen: MH-Fe> MH-ne+
Itis not reasonable to assume that the corona harbors temp€&"". The emission lines observed in the corona are then
atures which exceed those found in the core. Furthermorepteduced when the excited iron relaxes back to the ground
arrive at these extreme values, the corona must somehovgtgée through photon emission,"Fe— Fe™ + hyv. Depend-
heated. Thézoo” [148, p.278] of possible heating meching on the local electronfinity of the condensed metallic
anisms is substantial [148, p.239-251]. According to E.Rydrogen, the number of electrons transferre¢ould range
Priest, the hypothesized mechanisms are fundamentally nf&@m single digits to~25 [192] in the case of iroh.
netic in nature asall the other possible sources are com- The scheme formulated with iron can be extended to all
pletely inadequate273]. The problem for gaseous modelthe other elementSresulting in the production of all coro-
can be found in the realization that their only means of prdal emission lines. The governing force in each case would
ducing highly ionized atoms must involve violent bombardpe the electronfénity of metallic hydrogen which may in-
ment and the removal of electrons to infinity. These schentégase with altitude. Highly ionized species are not preduc
demand impossible temperatufes. through the summation of multiple electron ejecting bom-
It is more reasonable to postulate that elements witdiardments. Rather, multiple electrons are being stripped s
the corona are being stripped of their electrons when tH8jltaneously, in single action, by transfer to condensetd ma
come into contact with condensed matter. The producti: In this manner, thelectron starvedtorona becomes en-
of highly ionized atoms involves electrorfiaity, not tem- dowed with functionthe harvesting of electrons from ele-
perature. The belief that the corona is a region charaewrifn€nts in the solar atmosphere, thereby helping to maintain
by extremely elevated temperatures is erroneous. The d§neutrality of the solar bod0].
K-coronal spectrum is genuine. The associated photons areln this sense, the chromosphere and corona have compli-

directly produced by the corona itself, not by the photosphdnentary action. The chromosphere harvests hydrogen atoms
(see$2.3.7). and protons. The corona harvests electfons.

As for the transition zone (see Fig. 1.1 in [192]), it does
“The story which accompanies the mystical element coroniom (ot exist. This region was created by the gaseous models in
FeXIV) in the corona and its discovery by the likes of Harlsye¥oung, order to permit a rapid transition in apparent temperathees

Grotian, and Edlén [151-153] has been recalled [265—-2@&Inderful im-
ages of the corona have recently been produced from highiyed iron (e.g. tween the cool chromosphere and hot corona (see [62] for a

FeX-FeXIV) [269-272]. complete discussion). In the metallic hydrogen model, e a
It will be noted in §5.5, that the gaseous solar models infer widelparent temperatures in both of these regions are cool,-there
varying temperatures within theameregions of the corona when analyzing
coronal loops (see Fig. 22). How could it be possible to sustastly dif- *In this regard, it is important to note that most of the ionesent in
fering values in thesameregion of the solar atmosphere? These findings aitee “XUV spectrum are principally those with one or two valenéectons”
indicative that we are not sampling temperature, but rathestructures with [245, p. 173]. This observation is highly suggestive thatematic processes
distinct electron fiinities. These substructures take advantage of a wide arexg taking place, not random bombardments.
of species to transfer electrons. Evidence for such a solutan be found $A least one electron must remain for line emission.
in Fig. 1.10 of [192] which describes flare substructure draldssociated Iwhile the corona is primarily composed of metallic hydrogas will
variations in emitting species (arcade emitting in FeXIl ping emitting in be seen ir§5.4, it can provide a framework to allow for the condensatién
FeXXIV and Ca XVII). hydrogen in non-metallic form.
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fore a transition zone serves no purpose [62]. The changaesticle travels towards the solar interior, it can simphy u
in atomic and ionic compositions observed in the solar aergo an elastic collision, propelling a stationary pésthme-
mosphere can be accounted for by 1) the varying ability méath it even further towards the core. Without a surface, no
molecular species to deliver hydrogen and protons to caret force can be generated to reverse this process: theugaseo
densed hydrogen structures in the chromosphere as a fiBun is destined to collapse under thEeet of its own grav-
tion of altitude, and 2) to changes in the electrdiinity of ity [48].
metallic hydrogen in the corona.

This scenario resolves, at long last, the apparent vialatio Atmosphere
of the Second Law of Thermodynamics which existed in the . g
gaseous model of the Sun. It is not realistic that the ceriter o Q7
the Sun exists at 16 MK [13, p. 9], the photosphere at 6,000 K,
and the corona at millions of degrees. A solution, of course, Q Q .
would involve the recognition that most of the energy of the 4}? g
photosphere is maintained in its convection currents and co 1
duction bands [37], not in the vibrational modes respomsibl .\‘ K . . '
for its thermal spectrum and associated apparent temperatu - z"@:‘l t " Y,'
But now, the situation is further clarified. The corona is not - -
being heated — it is cool. No violation of the Second Law of

Thermodynamics exists, even if photospheric convectiah drio- 17: Schematic representation of the generation of gesspre.
conduction are not considered As particles travel towards a real surface, they eventuaitjergo a

change in direction resulting in the creation of a net upwdotice.

4 Structural Lines of Evidence
. Donald Clayton, a proponent of the gaseous models, de-

The structural lines of evidence are perhaps the most phygisihes the situation as follow&The microscopic source of
cally evident to address, as they require only elementary Massyre in a perfect gas is particle bombardment. The reflec
chanical principles to understand. tion (or absorption) of these particles from a real (or imag-
ined) surface in the gas results in a transfer of momentum to
4.1 Solar Collapse #17 that surface. By Newton’s second I&# = d p/dt), that mo-
Should stars truly be of gaseous origin, then they are conentum transfer exerts a force on the surface. The average
fronted with the problem of solar collapseSomehow, they force per unit area is called the pressure. It is the same me-
must prevent the forces of gravity from causing the entichanical quantity appearing in the statement that the gimant
structure to implode upon itself. of work performed by the infinitesimal expansion of a con-
Arthur Eddington believed that stellar collapse could lained gas is dW= PdV. In thermal equilibrium in stel-
prevented by radiation pressure [9]. Photons could trandfe interiors, the angular distribution of particle momenis
their momentum to stellar particles and thereby suppartstrisotropic; i.e., particles are moving with equal probabés
ture. These ideas depend on the existence of radiationnwitini all directions. When reflected from a surface, those nmgvin
objects, a proposal which is counter to all laboratory undeormal to the surface will transfer larger amounts of momen-
standing of heat transfer. Conduction and convection are ttem than those that glancegfat grazing angle’s[14, p. 79].
sponsible for the transfer of energy within objects [70]isIt The problem is that real surfaces do not exist within gaseous
only if one wishes to view the Sun as an assembly of separst@'s andimagined’ surfaces are unable to be involved in a
objects that radiation can be invoked. real change in momentum:Electron gas pressuretannot
Eventually, the concept that the Sun was supported exgevent solar collapse.
sively by radiation pressure was abandoned. Radiation pres Unlike the scenario faced by Eddington with respect to
sure became primarily reserved for super-massive stars [ddar collapse, James Jeans had argued that liquid stags wer
p. 180-186]. Solar collapse was prevented u&tgrtron gas immune to these complicatiorigynd mathematical analysis
pressure13, p. 132], with radiation pressure contributing litshews that if the centre of a star is either liquid, or pafal
tle to the solution [13, p. 212]. s0, there is no danger of collapse; the liquid center proside
But the idea thaklectron gas pressurean prevent a starso firm a basis for the star as to render collapse impossi-
from collapsing is not reasonable [3, 35, 43, 48]. The genekde” [278, p. 287]. By their very nature, liquids are essentially
tion of gas pressure (see Fig. 17) requires the existenceef incompressible. Therefore, liquid stars are self-suppgrt
surfaces, and none can exist within a gaseous'Siinen a and a LMH Sun faces no danger of collapse.

“This proof was first presented as the third line of evidenc84313,48]. When gas particles strike the Earth’s surface, they undargommediate
fConversely, the extended nature of our atmosphere is bedigtained change in direction with upward directed velocities. Withthe presence of
through gas pressure precisely because our planet possessal surface. a true surface, a net change in particle velocity cannotroccu
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4.2 Density #18 mensions, like diameter or radius, no longer held any vglidi
Nonetheless, Father Secchi considered the dimensiong of th
Sun to be a question of significant observational importance
despite problems related to their accurate measure [10p- 20

Hot gases do natelf-assemblé Rather, they are well-known
to rapidly difuse, filling the volume in which they are con
tained. As a result, hot gaseoiabjects’ should be tenuous

in nature, with extremely low densities. In this respect, h%OZ, V.. ) )
gases fer little evidence that they can ever meet the require- 1002y, the radius of the Sur§96,342-65 km) continues
ments for building stars. to be measured [51] and with tremendous accuracy — errors

In an apparent contradiction to the densities expecteaolrﬁ the order of one partin 10,000 or even 2 parts in 100’009
gaseousobjects), the solar body has a substantial avera ee [281]for a table). Such accurate measurements oékpati

density on the order of 1.4/gm® [279]. In gaseous mod- Imensions typify condensed matter and can never character

els, the Sun is believed to have a density approaching 1592 9aseous objettThey serve as powerful evidence that
g/c® in its core, but only~10-7 g/cm? at the level of the the Sun cannot be a gas, but must be composed of condensed

photosphere [148]. In this way, a gaseous star can be Qgpter. o ) . ) _

culated with an average density of 1.£m°. But gaseous The situation relative to solar dimensions is further com-
models would be in a much stronger position if the averagicated by the realization that the solar diameter may el
density of the Sun was consistent with that in a sparse g&¥iable [282]. Investigations along these lines are oniy g

i.e. ~10"* g/om?, for instance. It is also concerning that th§tY Pursued [283], as the gas models are unable to easily ad-
average density of the Sun is very much coincident with tHss brief fluctuations in solar dimensions. The stabdfty
observed in the outer planets, even though these objeats I#&FE0US stars depen_ds on hydrostatic equilibrium andsrelie
much smaller total massésThe giant planets are no longePn @ perfect mechanical and thermal balance [13, p. 6-67].
believed to be fully gaseous, but rather composed of mel%‘?‘—_'“ng to maintain equilibrium, gaseous stars would cease

lic hydrogen [93-95], suggestions which are contrary to tR&!St _ _ _ _
existence of a gaseous Sun. Conversely, fluctuating solar dimensions can be readily

The Sun has a density entirely consistent with conden&dfiressed by a liquid metallic hydrogen Sun, since this en-
matter. If the solar body is assembled from metallic hydrogBty e€nables localized liquidas (or solifgas) transitions in
[35,39], it is reasonable to presume that it has a somewlt&interior (see [48,51,52] ar§b.1).
uniform distribution throughout its interidr. This would be
in keeping with the known, essentially incompressibleyrat 4.4 Oblateness #20

of liquids. James Jeans regarded the high prevalence of binaries ak one o
. the strongest lines of evidence that the stars were liq@ids [

4.3 Radius #19 28] Indeed, it could be stated that most of his thesis rested
Within gaseous models, the Sun’s surface cannot be real apdn this observation. As a spinning star became oblate, it
remains the product of optical illusions [2,4,51These con- eventually split into two distinct parts [27, 28]. Oblatese
jectures were initially contrived by the French astrongmean be considered as a sign of internal cohesive forcesrwithi
Hervé Faye. In 1865, Faye [280] had proposed that the Sumobject and these are absent within a gaseous star. As a
was gaseous [2,4] and would writ&his limit is in any case result, any oblateness constitutes a solid line of evidé#mete

only apparent: the general milieu where the photospheredgotating mass is comprised of condensed matter.
incessantly forming surpasses without doubt, more or less, The physics of rotating fluid masses has occupied some
the highest crests or summits of the incandescent clouds, dftthe greatest minds in science, including Newton, Maclau-
we do not know thefective limit; the only thing that onerin, Jacobi, Meyer, Liouville, Dirichlet, Dedekind, Riema,

is permitted to girm, is that these invisible layers, to whictPoincaré, Cartan, Roche, and Darwin [3]. The problem also
the name atmosphere does not seem to me applicable, wealstivated Chandrashekhar (Nobel Prize, Physics, 1983) fo
not be able to attain a height of 3’, the excess of the perihd@ne years of his life [284].

lion distance of the great comet of 1843 on the radius of the Modern studies placed the oblateness of the Sun at
photosphere’{280]. With those words, the Sun lost its trug.77x 1076 [287]. Though the Sun appears almost perfectly
surface. Everything was onhapparent’ (see§l). Real di-

IAs a point of reference relative to the accuracy of measunésnena-

*This proof was first presented as the fourth line of evideB&e36]. chinists typically work to tolerances of a few thousands wfirch. Ac-
"The Earth has a density of 5.5cg?; Jupiter 1.326 gm?®; Saturn 0.687 cording to a young machinist (Luke Ball, Boggs and Assosja@lumbus,
g/cm®; Neptune 1.638/gm?®; Uranus 1.271 gm® [279]. Ohio), a“standard dial caliper is accurate ta 0.001", and a micrometer

Setsuo Ichimaru had assumed, based on the gaseous modekheth provides greater accuracy ta 0.0001”. The Mitutoyo metrology company
core of the Sun had a density of 15@ig° when he considered that it couldwas founded in 1934, and they produce a digital high-acopsub-micron
be composed of metallic hydrogen [97-99]. He did not addiesE€ompo- micrometer that is accurate to .00002.”
sition of the solar body or atmosphere. IThis proof was first presented as the eighth line of evideB¢89, 36,

$This proof was first presented as the 21st line of evidenck [51 50].
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round, it is actually oblate [50].To explain this behavior, as-gases can support none. Moreover, if the solar surface is but
trophysicists invoked that the Sun possessed a constamt sah ‘illusion’, what point can there be in documenting the na-
density as a function of radial position [287]. This prodasa ture of these structures? But the problem is even more vex-
in direct conflict with the gaseous solar models [13, 14] whidng for the gaseous models, as films are currently being taken
conclude that most of the solar mass remains within the cefithe Sun in high resolution (see Supplementary Materials
tral core. An essentially constant internal density is {me&lg for [100] on the Nature website), and oillusions’ arebe-
what would be required within the context of a liquid metallihavingas condensed matter (s&€&1) [292, 293].
Sun [35, 39]. Father Secchi, perhaps the most able solar observer of the
At present, helioseismic measurements @@eindicate 19th century, drew with painstaking attention numerous de-
that the degree of solar oblateness may be slightly smattits on the solar surface which he viewed as real [1]. He
[288, 289], but the general feature remains. The degreeeaiphasized théthere is thus no illusion to worry about, the
solar oblateness may well vary with the solar cycle [29¢ihenomena that we have just exposed to the reader are not
As was the case for variations in solar radi§4.8), these simple optical findings, but objects which really existfHai
changes pose fiiculties for the gaseous models. That thigilly represented to our eyes using instruments employed to
Sun is slightly oblate provides excellent evidence forriné¢ observe them'1, p. 35-36, V.Il]. The authors of the won-

cohesive forces, as seen in condensed matter. derful SST Nature paper [100] seem to discard illusiéte
_ are, however, confident that the dark cores shown here are
4.5 Surface Imaging #21 real” [100]. Nonetheless, they maintain the language associ-

With the advent of the 1-m Swedish Solar Telescope (SS#ed with the gaseous modei4, dark-cored filament could

the solar surface has been imaged with unprecedented reddfyProduced by an optically thin cylindrical tube with hot

tion [100,291]! This resolution will increase dramatically inValls—perhaps a magnetic flux tube heated on the surface

a few years when the construction of the Advanced TechnBY.the dissipation of electrical current§100].

ogy Solar Telescope is completed in Hawaii [104]. Commenting on [100] in light of accepted theory, John
Using the SST, scientists repoftn these pictures we H- Thomas statesiComputer simulations of photospheric

see the Sun’s surface at a low, slanting anglgording a Magnetoconvection show very small structures, but the sim-

three-dimensional look at solar hills, valleys, and canglon ulations have not yet achievedscient resolution to deter-

[291]...“A notable feature in our best images of sunspots f8ine the limiting size. The horizontal mean free path — in

that many penumbral filaments, which are isolated from tREher words, the average distance traveled without interac

bulk of the penumbra and surrounded by dark umbra, shé¥@ — Of & photon in the solar photosphere is about 50 km,

dark cores”..“Inspection of our images shows numeroudnd so this might be expected to be the smallest observable

varieties of other very thin dark lines in magnetic regions€ngth scale, because of the smoothijfget of radiative en-

... “hairs’ that are seemingly emanating from pores int&'dy transfer. But sophisticated radiative-transfer adée

the closest neighbouring granules, ‘canals’ in the granul&dons show that fine structures as small as a few kilometers

tion near spots and pores, and running dark streaks crossigfgould in principle be directly observabl¢294].
penumbral filaments diagonally’100]. The problem for the gas models rests in their prediction
Since antiquity, solar observers have been fascinated wWitat the photosphere has a densitg @’ g/cm® [148]) which
structure on the surface of the Sun. Now, as telescopic r&s10,000 times lower than that of the Earth’s atmosphere at
olution continues to increase, they are documentigost Se€a level — surpassing some of the best vacuums on Earth.
in 3D, the existence of structure on the solar surface with iftructure cannot be claimed to exist in a vacuum and has
creased certainty. They resort to words likéls’ , ‘valleys’, never been demonstrated to be associated with the equations
and‘canyons’to describe the surface of the Sun and they f6f radiation transfer (see [292, 294] and references thprei
cus increasingly on substructures, like the dark coresef this inherently a property of condensed matter, without any
penumbra. How can this structural detail be compatible witiged for internal photons. As a result, modeling associated
gases? Structure remains a property of condensed matterVdiffti the analysis of structural entities on the solar swefac
which is fundamentally based on ideas of a gaseous Sun [292,
oS e St e s 294) avunfcly o beclany astng vluewihespectoL
the standard gaseoﬂz models w‘he[rein]r.nost of a star’s maagristed to thg derStandmg the complexmes (_)f the photosphere. The nhost e
core. As such, scientists have sought to find alternativensnesaccount for €gant solution rests in accepting that these structureare

this oblateness [286]. and comprised of condensed matter.
"This proof was first presented as the eleventh line of evieldac35,
36,42]. Solar surface imaging can include frequenciesidritgsible light. .
It continues to reveal the presence of new structures, retribed in§2. 4.6 Coronal HolegRotation #22
These, and those to come, are included herein as a sepamtd &vidence . . .
as solar surface imaging exposes more structural complexid temporal COronal holes (see Fig. 18) are believed to be regions of low-

evolution. density plasma that open freely into interplanetary spa2e |
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295,296]: They are associated with the presence of fast sotaB862]* At the time, he knew that chromospheric emission
winds (se€5.8). lines (se€§3.4,§3.5, and§3.6) could extend up to 14,000 km
When the Sun becomes active, coronal holes can apd8ap. 362]. For Eddington, the answer to chromosphere chro-
anywhere on the solar surface [52, 295, 296]. In contrastospheric extent rested upon radiation pressure, but the so
when it is quiet, coronal holes are viewed'@aschored’onto tion would prove insfficient [62].
the polar regions of the solar surface [297, p. 10]. Tars Bhatnagar and Livingston provide a lucid presentation of
choring’ constitutes a powerful sign that the Sun is compriséite chromospheric scale height problem within the contéxt o
of condensed matter, as this behavior directly implies batte gaseous models [277, p. 140-145]. They recall how ini-
long-term structure within the corona and the existence ofial ‘hydrostatic equilibrium’arguments could only account
true solar surface’Anchoring’ requires two distinct regionsfor a density scale height of 150 km [277, p. 141]. In order to
in the Sun which cooperate with each other to prodiingc- further increase this scale height to the levels observedsd
tural restriction hypothesized that the chromosphere had to be heated, either
through turbulent motion, wave motion, magnetic fields, or
5-minute oscillations [277, p. 140—145]. The entire exagci
demonstrated that the spatial extent of the chromosphere re
resented a significant problem for the gaseous models. The
great solar physicist Harold Zirin has placed thed&alil-
ties in perspective,Years ago the journals were filled with
discussions of ‘the height of the chromosphere’. It wasrclea
that the apparent scale height of 1000 km far exceeded that
in hydrostatic equilibrium. In modern times, a conveniemt s
lution has been found — denial. Although anyone can mea-
sure its height with a ruler and find it extending to 5000 km,
most publications state that it becomes the corona at 2000 km
above the surface. We cannot explain the great height or the
rroneous models... While models say 2000 km, the data say

Fig. 18: Schematic representation of coronal holes oveptiar
caps of a quiet Sun. This figure is an adaptation based on Fi
in [295]. Along with its legend, it was previously publisheo[52]. 0007 [193].
Obviously, a gas cannot support itself [62]. Hence, the

The corona possesses. a radially rigid rotation of 27.5 spatial extent of the chrompsphere con_stitutes one of thet mo
days synodic period from 2.5,R0 >15R,” [277, p.116] elegant observations rellafuve to the existence of a comdens
as established by the LASCO instrument aboard the SOS@)r photosphere. Within the context of the LMH model
satellite [298]. Rigid rotation of the entire corona striyng[3%, 39], the Sun possesses a condensed surface. This sur-
suggests that the solar body and the corona possess codddfgg Provides a mechanism to support the chromosphere: gas
matter. pressure (see Fig. 17) — the same phenomenon responsible

Coronal materidlcontains magnetic fields lines which, ifor the support of the Earth's atmosphere [48].
turn, are anchored at the level of the photosphere [6%}- It was demonstrated i§4.1, that electron gas pressure
choring’, once again, requires structure both within the solg@nnot prevent a gaseous star from collapsing onto itsedf, b
body and within the solar atmosphere. The condensed g that these objects lack real surfaces. However, a lig-
ture of the corona and coronal structures has already beishmetallic hydrogen Sun has a real surface, at the level
discussed ir§2.3.7,§2.3.8, ands3.8. It will be treated once Of the photosphere. When a gaseous atom within the solar
again in§5.5, and$6.6. The relevant structure of the soladtmosphere begins to move towards the Sun, it will even-
interior will be discussed i§5.1. The presence ¢dnchor- tually strike the surface. Here, it will experience a change
ing’ within coronal holes and the rigid rotation of the coron8 direction, reversing its downward vertical componerd an

is best explained by condensed matter. thereby placing upward pressure on the solar atmosphere, as
displayed in Fig. 17. Gas pressure can simply account for the
4.7 Chromospheric Extent #23 spatial extend of the chromosphere in condensed solar mod-

Eddington recognized the great spatial extent of the chron§&s [35,39]. Moreover, under this scenario, the chromosphe

sphere and pondered on how this material was supportedféght be supported by the escape of gaseous atoms from the
solar interior as manifested in solar activity (§¢e1). This

“The anchoring of coronal holes was first presented as the [R&ndf provides an acceptab|e mechanism in the condensed mode]sy

evidence [52], while the rigid rotation of the corona wasetreated as the . . . e
33rd [62]. These two proofs, being closely related o ondfaohave now as they do not need to maintain the hydrostatic equilibrism e

been combined. sential to the gaseous Sun. In any event, chromospheric heat
fSee the wonderful Fig. 106 in [1, p. 310, V. I] relaying thearma during
the eclipse of July 8, 1842 #This proof was first presented as the 34th line of evidenck [62
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ing, from turbulent motion, wave motion, magnetic field$ashion, the corona has been designated as a site of electron

or 5-minute oscillations [277], is not required to suppbe t recapture within the Sun [60]. With increasing distancerfro

great spatial extent of the chromosphere in the LMH modethe solar surface, coronal atoms are increasingly strigbed
their electrons. This is an electroffiaity problem, wherein

4.8 Chromospheric Shape #24 metallic hydrogen in the solar atmosphere scavenges for ele

Secchi had observed that the diameter of the observable 8RS and strips them from adjacent atoms [60]. Therefore,
varied with filter selection (blue or red) during a solar psé the chromosphere [59] and corona [60] act in concert to re-
[1, p.320, V.1]. Currently, it is well established that thi d capture protons and electrons, bringing them back onto the
mensions of the chromosphere are perceived as vastly 8@lar surface.

ferent, whether it is studied ind] or using the Hell line at  In §3.4, it was proposed [59] that theotémission is the
30.4nm [243, Fig. 1]. The chromosphere also appears todhgct result of the recondensation of atomic hydrogeryéel
prolate [243]. This prolateness has been estimated#® = ered by molecular hydrogen, onto larger condensed hydrogen
5.5x 103 in Hell and 1.2< 1073 in Ho — more extended in Structures, CHS, within the chromosphere. Hell emissien re
polar regions than near the equator [243]. The shape of tiidts from the recondensation of atomic hydrogen, deliere
layer has been demonstrated to be extremely stable, withPiyghe helium hydride molecular cation [61], onto thesecstru
significant variation over a two year period [243]. tures (seg3.6).

The prolate nature of the chromosphere and the extendedin the lower chromosphere, neutral molecular hydrogen
structure which the Sun manifests above the polar axis cawists and can deliver atomic hydrogen with ease, resulting
not be easily explained by the gaseous models. A gaseiuda emission. However, with increasing height, it becomes
Sun should be a uniform object existing under equilibriumore scarce, as the corona captures electrons. Once dgprive
conditions, with no means of generating preferential ghowef its sole electron, hydrogen cannot emit.
in one dimension versus another. When the Sun is quiet, theln contrast, with increased elevation, the helium hydride
greater extent of the chromosphere above the poles is asstion can become more abundant, as atomic helium can now
ciated with the presence of large anchored coronal holesharvest lone protons. Of course, neutral helium hydridkén t
this region§(4.6). Coronal holes, in turn, manifest the preground state is not stable [256, 257]. Helium must first cap-
ence of fast solar winds (s&®.8). A link to the fast solar ture a lone proton (or first lose an electron to become el
winds is made in the gaseous Sun [243], despite the recogaipture neutral hydrogen) to form the stable molecule. This
tion that the origins of these wind§.8), and of the coronalreadily occurs with increased height. Thus, Hell emissions
holes with which they are associatdi@ (6), remains an areaare seen at the greatest chromospheric elevations. Siace th
of concern within these models [48,52]. helium hydride cation produced at these elevations can mi-

Even the oblate nature of the solar body had providgdate towards the solar surface, one is able to observed Hell
complications for the gaseous Su§4(4). This oblatenesslines all the way down to the level of the photosphere.
could be explained solely on internal cohesive forces and ro Such an elegant account, exploiting chemical principles
tational motion in the LMH model§4.4). But, the prolate to understand line emission, cannot be framed by the gaseous
nature of the chromosphere reflects something more compl@xdels relative to the prolate nature for the chromosphere.

According to the LMH model, fast solar wind$g.8) are This includes the possible causes for thffatential spatial
produced when intercalate atoms (el Fig. 19) are ac- extent of Hr versus Hell lines (see Fig. 1 in [243]).
tively being expelled from the lattice of the solar body [48,
52]. During this processes, some hydrogen is ejected, but un
like the other elements, it is often recaptured to help nadint
the solar mass. In this respect, the solar chromosphere Tiag dynamic lines of evidence involve time or orientation re
been advanced as a site of hydrogen recondensation in thdaged changes in solar structure, emission, flow, or magneti
lar atmosphere (sg®.4,85.6 and [59,61]). It appears prolatdield. Along with many of the structurag4) and helioseis-
because, at the poles, more hydrogen is being expelled, Tois (§6) lines of evidence, they are amongst the simplest to
more is recaptured over a greater spatial area. In analogogsalize.

Dynamic Lines of Evidence

*To fully understand this proof, it is necessary to simulrsty con- o
sider the origins of surface activitg%.1), coronal holessé.6), solar winds 5.1 ~ Surface Activity #25
(85.8), Hx emission §3.4) and Hell emission§@.6). If the reader believes it . . . P
difficult to follow, hg'she may wish to move to other lines of evidence and rd-he surface of the Sun is characterized by extensive activit

turn to this section once a more complete picture has beerdaThis proof The solar surface is often viewed‘ésiling’, or as dboiling
is listed as a structural proo$3), even though it results from dynamigs{ as’. But, gases anda gaseous Sun are unalieid. Gases

and spectroscopidg8) processes, because it is expressed as the steady S . Lo . .
appearance of the chromosphere when the Sun is quiet. In ##93unspot ?‘5 the result of such actions. Only |IC1UIdS can boil, while

number was near minimum and the data presented in [243] vepsrad at
that time. "This proof was first presented as the ninth line of eviden&ed8].
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solids sublime. lem is further complicated with the realization that grasul

Since gases cannot boil, in order to explain activity gbey the 2D laws of structure (s¢2.3.4) and that explosive
the solar surface, the gaseous models must have recourghenomena, associated witkark dot’ formation, can be ex-
magnetic fields and flux tubes. In the case of sunsg@$(3 plained solely on the basis of structural consideratio26]1
[4,40, 45]), faculae§?2.3.5 [45]), and magnetic bright pointdsee§2.3.4). To add to the suspension of disbelief, propo-
(§2.3.5), these fields are located within the solar body. In thents of the gaseous models maintain that the photosphere
case of the chromospher§5(6), flares §2.3.8), and coronal exists at the density of an ultra-low pressure vacus0(’
mass ejections§@.3.8), they arise from the corona. The ag/cm® [148]). With respect to surface activity, aliferts by
guments are fallacious, as magnetic fields themselves depé&e gaseous models to understand the observed phenomena
on structure for formation. Unable to account for their owgan be seen to collapse, when faced with the simple challenge

existence (se@5.3), they cannot be responsible for creatirijat their solar surface is only aiflusion’ [4]. Scientists are
such features within a gaseous medium. confronted with the intellectual denial of objective reali

The only prominent active features of the Sun, whose for- The LMH model [35, 36] can account for solar activity,
mation appears not to be inherenﬂy tied to magnetic ﬁe|§§,1ce it allows for structure and takes advantage of the con-
are granules§.3.4 [40, 45]). These are thought to be gegequences. Granular convection can be explained with ease,
erated by subsurface heat which is being transported to #ea LMH Sun possesses a true surface and the associated
upper visible layers [40, 118-122]. A changegas density’ tension required for Bénard convection [314-318].
is required within the photospheric vacuum. The emissive behavior of the Sun (sg23) strongly ar-

In actuality, those who model granules in the laborato8yes that the photosphere is comprised of a layered struc-
(see [40] for a detailed review) understand that they are b€ much like that found in graphite (see Fig.2) and first
represented as the products of Bénard convection [314,-3PgoPosed in metallic hydrogen [39] by Wigner and Hunting-

a process dominated by surface tension, not buoyancy [118, [88]. Layered materials like graphite are known to form

p.116]. The gaseous models, unable to provide for a r&ygercalation compounds [48, 79-83] when mixed with other

surface on the Sun, must reject Bénard convection. The prélgments (see Fig. 19). In the case of metallic hydroges, thi
implies that the non-hydrogen elements occupy interlater |

“Descriptions of a Sun which foiling’ can be found throughout the tic@ points [48], while the hexagonal hydrogen framework
printed word. Examples occur in 1) children’s books [299]p@pular writ-  remains intact. It is the science of intercalation compaund

ings [300, 301], 3) university level communications [30@58 4) scientific \which is most closely linked to the understanding of solar ac
news articles [306,307], or 5) scholarly publications [BB-313]: 1)The tivity [48]

sun is a boiling mass of hot gassd299, p. 21], 2)‘lt shows rather clearly - . )
that the Sun is a boiling mass of energy, vastly violent amstmtly chang- Within graphite, the dfusion of elements across hexag-
ing” [300]; “Convection is also at work transferring energy from thei@d onal planes is hindered (see [48] for references), while dif
tive zone to the photosphere, with a vertical boiling mdtgg01], 3)"The — f,5ion within an intercalate layer is facilitated. The same

surface of the Sun shows us a pattern of boiling gas arrangedistinctive inciol bei . ked within the | d llic h
cellular pattern known as granulation[302]; “Solar plasma emitted from principles are being invoked within the layered metallie hy

the Sun is a boiling  of the Sun’s atmospherd303]; “It is easy to think drogen layers thought to exist in the Sun. Graphite interca-
of the sun as benign and unchanging, but in reality the sun dymamic |ation compounds [79-83] are known to undergo exfoliation,
ball of boiling gases that scientists are only beginning noerstand”[304]; an often violent process (see [79’ p. 9] and [83, p. 406], @her

“Our Sun is an extremely large ball of bubbling hot gas, mp$tydrogen L . . . .
gas” [305], 4) “We don't yet have a model that explains these hilgef- sudden phase transitions in the intercalation region from c

frey R.] Kuhn said, although he suspects that they are caused by tive indensed to gaseous results in the expulsion of the inteecalat
action of boiling gas and the sun’s powerful magnetic fie[@06]; “The gtoms. In the Iaboratory, exfoliation can be associatet wit

researchers found that, as expected, this tumultuous negisembles a pot o 4o mandous expansion of lattice dimensions, as the gaseou
of boiling water: hot material rises through it, and cooleages sink’[307],

5) “Under poor to fair seeing conditions, sometimes the soiarbl appears eXpanSi_On of the intercalate layers acts to greatly inerézs
boiling, this gives some idea about the degree of air tunhe [115, p. 54]; separation between groups of hexagonal planes [79-83].

“The surface of the Sun boils in an active manner as the resutie contin- It is the process of exfoliation which can guide our un-

uous production of energy inside the SYB08]; “The hot corona boiling ¢ . . L
the surface of the Sun toward the cold void of interplanetgce consti- derStandmg of solar actvity. Exfoliation can be seen sute

tutes the solar wind[309]; “The current general idea on the global balancein the active degassing of the intercalation regions exgsti
. is that energy conducted down from the low corona must ‘pjb"ilmass within the Sun. When the Sun is quiet, it is degassing primar-
from the chromosphere.” [310]; “Near its surface, the Sun is like a pot of“y at the poles. This results in the fast solar winds (§§B)

boiling water, with bubbles of hot, electrified gas — actyallectrons and N . . .
protons in the forth state of matter known as “plasma” — clating up from and coronal holes (S@é.ﬁ [52]) in this region. It leads to the

the interior, rising to the surface, and bursting out inteasp” [311]; “The ~ conclusion that the hydrogen hexagonal planes in the polar
sun is a churning mass of hot ionized gas with magnetic fiblgsting their convection zonédsend to be arranged in a direction which is

way through every pore and core, djNen by energies boilimgfilom th_e'ln- orthogonal to the solar surface.
terior where the fusion of hydrogen into helium at a tempaebf 15 million

K liberates the nuclear energy that keeps the cauldron mglli{312]; “The However, in the equatorial convection zones, the hexago-
magnetic field guides these flows, thus influencing on theageehe radial
distribution in the ‘boiling’ layer” [313]. A solar layer beneath the photosphere.
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OO OO P OO O amounts of helium in its interior (see [47] for a detailed-dis
OMQ cussion). Rather, careful observation of the solar cycleats
that the Sun must be comprised primarily of hydrogen, as it
O%O constantly expels other elements from its interior. The no-
OWO table exception, as was seer§&3, relates to lithium [54].
0%0 Relative to solar activity, the liquid metallic Sun allows
for the buildup of true pressure in its interior, as inteatal
OWO elements enter the gas phase. This could account for changes
OWO in solar dimension§4.3) and shape§é.4, §6.3) across the
® e cycle. It also explains the production of solar flares in acco
dance with ideas coined long ago by Zdllner [3,189]. In a
robust physical setting, mechanical pressure is all thed-is
O%O quired, not energy from the corona. The same can be said of
OWO prominences, whose layered appearance (Fig. 20) highly sug
gests that they are the product of exfoliative forces within
OMWO Sun. Prominences reflect the separation of entire sheets of
oI FO—505C—-530 material from the Sun, exactly as found to occur when exfo-
o%o liative forces act within graphite [48].

Fig. 19: Schematic representation of a proposed metalticdgen
intercalation compound, wherein protons occupy the haxalgat-

tice planes and non-hydrogen elements are located in thec@ia-
tion region. Intercalation compounds are characterized isyage
index’, n, which accounts for the number of hexagonal planes be-
tween intercalate layers. In this cases6n This figure was previ-
ously published as Fig. 3 in [48].

nal hydrogen planes are hypothesized to be oriented plaralle
to the solar surface. Under the circumstances, atoms in the
intercalation regions cannot freelyflilise into the solar at-
mosphere. They remain essentialigpped within the Sun

as reflected by the presence of slow solar winds above the
equator. Over half the course of the eleven year solar cycle,
intercalate elements slowly increase in number until, final
the Sun becomes active (see Fig. 15) and exfoliative presess

begin. The intercalate atoms begin to break and displace g 20: An assembly of solar images obtained in the Hell line
hexagonal hydrogen planes, as they work their way beyaid3o.4 nm displaying the layered appearance of prominences
the confines of the photosphere. Coronal holes become W&SA describes this image as follow$A collage of promi-
ible at random locations throughout the Sun, indicating thences, which are huge clouds of relatively cool dense @asm
reorientation of hydrogen planes in the interior. With timguspended in the Sun’s hot, thin corona. At times, they capter

the Sun degasses its equatorial region and returns to the (gficaping the Sun's atmosphere. For all four images, emmissio
state. in this spectral line of EIT 304A shows the upper chromospher

In this regard, the series of images displayed in Fig. ftsa temperature of about 60,000 degrees K. The hottest areas
' appear almost white, while the darker red areas indicateleoo

are particularly telling, as they illustrate that heliunveés temperatures. Going clockwise from the upper left, the Esag

in the lower solar atmosphere increase significantly with sg.. ¢, 15 May 2001; 28 March 2000; 18 January 2000, and

lar activity (examine carefully the periphery of the cehtrd repryary 2001 Courtesy of SOH@EIT] consortium. SOHO
image obtained in 2001 compared with images obtainedidm project of international cooperation between ESA anSNA
1996 or 2005). The Sun appears to be degassing helium, @&p;/sohowww.nascom.nasa.ggalleryimagegromquad.html
previously concluded [48]. This further strengthens the ar Accessed on/20/2013).

gument that it does not, as popularly believed, possess larg

fDeuterium and tritium, as hydrogen isotopes, should renraithe

*Best performed using the high resolution image on the NASWexagonal proton planes. Like lithium, within a LMH modekibé Sun, they
SOHO website:  httg'sohowww.nascom.nasa.ggualleryimagegarge  should be retained within the solar body, with only small iens escaping
304cycle.jpg. in the solar winds.
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5.2 Orthogonal Flows #26 Dynamo behavior must always involve the flow of conduc-

The orthogonal nature of material flow in the photosphere a‘iil\ff ﬂ_UidS across mag_”eﬂc fields. This_, in turimduces
corona (see Fig.21) provides one of the simplest and mg@ctncal currents, which, under appropriate flow and mag-

elegant lines of evidence that the Sun is comprised of cdietic field configurations, can sustain the field againstidiss

densed matter.In 1863, Carrington established thefdren- pation” [319]. o ]
tial rotation of the photosphere [67, 68]. His studies resga  Perhaps the greatest driving force for understanding the

that solar matter, at the level of the photosphere, expmmnbehavior of dynamos in the Iabo_rat_ory has been the presence
a net displacement in a direction parallel to the solar sexfa®f Planetary and stellar magnetic fields [319-324]. It is not

Yet, solar winds §5.8) are moving radially away from thef€asonable to apply these studies to a gaseous Sun.

Sun. This orthogonal flow of matter at the interface of the Alldynamo laboratories rely on the use of molten sodium.
photosphere and the atmosphere just above it demandsTtiié substance acts as an incompressible conductive liquid
presence of a physical boundary. Such a surface is unavaietal [321-324}. To generate dynamdiects under exper-

able in the gaseous models, but self-evident in a liquid metfental conditions, flow is typically induced into the metal
lic hydrogen setting. using mechanical devices like pumps or turbines [321-324].

External induction coils are present which can provide ini-
tial magnetic fields to help either “seed” or “drive” the stud
ies [321-324].

It is important to note that macroscopic structure is being
imposed in these systems. In every case, the flow of liquid
metallic sodium is being confined and directed by structure
(tubes, vats, canisters) [321-324]. Insulating mateidats
always present, whether provided by the presence of pressur
izing argon at 80 p.s.i. in a vat [321, 322] or by the inabil-
ity of molten sodium to direct its own flow when propelled
through pipes [323, 324]. Experimental geometries are-care
fully selected (see e.g. [323, Fig. 1]), including the léaat
of induction coils [321, 322]. Mechanical devices are pdovi
ing energy to drive these systems and external static miagnet
fields supplement the samplifg.

In this respect, Lowe and Wilkinson constructed the first
working model of a geomagnetic dynamo [328]. It was com-
posed of solid iron alloy cylinders, rotating within a casti
of the same material, wherein a small amount of mercury
maintained the required electrical contact [328]. In rilgy
5.3 Solar Dynamo #27 this design, Lowe and Wilkinson insisted thdbelf-exciting

As first noted by George Ellery Hale [107], the Sun possesgé@amols are vr?ry- corr|1mon En the Surf‘?‘ce of tc?e Earrt]h, _bUt
strong magnetic fields which can undergo complex windin se rely on the insulation between wires to direct the in-
and protrusions [12]. Magnetic fields are ubiquitous on théUced cuITents into an appropriate path; they are multiply
solar surface and within the corona. They are not manifesﬁﬂTneCted [328_]'_ ) i i
solely in sunspots§@.3.3). As seen if2.3.5, strong fields These conditions are unlike those in gaseous stars which,

can be observed in faculae and magnetic bright points, wrf?béthe"VeTV nature, are devoid of structure, have no atiit
weak fields are present above the granul&3.4) and in direct the induced currents into an appropriate patfB28],
coronal structuress@.3.8). and are incapable of acting as insulators. The situation has

Within the context of the gaseous models, solar magnd?fgen summarized as followS\Vhereas technical dynamos
fields are believed to be produced by the action of a powgp_nsst of a numl_aer of well-separated glectrlcally conduct
ful solar dynamo [319, 320] generated at the base of the c}fL Parts, a cosmic dynamo operates, without any ferromag-
vection zone near the tachocline layer, well beneath trar sd|€tiSm, in a nearly homogeneous medilg24]. With these
photosphere [12]. A dynamo represents a self-sustained af= , _ o _ _

lificati f tic field d di . ti it fConveniently, the density of liquid metallic sodiup~0.927 gcm?®
phi |C§. lon o ma_'gne '(E Ields, produced in conjunction wi &25, p. 4-128]) approaches that hypothesized to exiseatithocline layer
flow in conducting fluids. In the laboratory, they are Stugh the gaseous models of the Spn-0.2 ger [326]).

ied using quuid metals, typically molten sodium [321—324] $Much like in medicine, where MRI can be performed using oty t
Earth’s magnetic field<0.5 gauss) [327], itis impossible to perform dynamo
*This proof was first presented as the tenth line of evidenSe3f3]. experiments within the laboratory in the absence of anainitmbient static
"This proof was first presented as the twelfth line of evid8&. field magnetic field, as has been recognized (e.qg. [323]).

Fig. 21: Schematic representation of the orthogonal plpbigrsc
and coronal flows associated with Carrington§atiential rotations
[67] and the solar winds.
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words, astrophysical dynamos fell outside the realm of explaboratory dynamo experiments become linked to a substance
imental science, precisely because they are thought tbiexisvhich may come to have great importance on Earth [92, 98],
objects, like gaseous stars, unable to impart a physichi-aroot only in the distant stars.
tecture.

Astrophysics cannot hope that magnetic fields implart 5.4 Coronal Rain #28

!usionary’details and emissive properties to photospheric Mnocuous findings can lead to the greatest discovérigs.
jects (e.g. sunspots and faculae), while at the same timefes raspect, coronal rain [330-333] will not present aregxc
quiring that real structure exists in a gaseous Sun. ThisStijo, This subtle ect consists ofcool and dense matter”
ture must somehow enable the formation of powerful Magpiqh, is“ubiquitous” within the solar atmosphere and which
netic fields and the bw!dup of a solar dynamo._ The fact §”constantly falling towards the solar surface [330-338].
mains that the generation of strong magnetic fields on Eagh,iq 1o pe composed of*a myriad of small blobs, with
always requires the action of condensed matter. As they hé}ﬁ%s that are, on average 300 km in width and 700 km in
no structure, gases are unable to generate magnetic fietds RRgth” [333]. ' When these aggregate, they prodshew-
macroscopic level. They are simply subject to their actlon.q ' 1333]  Coronal rain has been associated with coronal

is improper to confer upon gases behavior which cannot eyggnq ang attempts have been made to link its existence to
be approached in the laboratory. loop substructure [334].

Itis hard to envision that hydrogen in non-metallic form, aq ¢oronal rain falls towards the surface, its rate of de-

as is currently hypothesized to exist in the gaseous stalfS, oot qoes not match that expected from gravity considera-

be able to match the conductivity observed in a real mef@lys 410ne [333]. From the standpoint of the gaseous solar
(see Fig. 2in [329]). Gases obviously cannot possess cen

. e P ) martl e
ing point, liquid sodium has a conductivity- 10" Q™M™ oy 5in coronal rain [332, 333]. But these arguments are not

[321-324]) which very much approaches that observed in (g, sistent with the belief that the lower chromosphere has a
solid [321-324]. Near this point and in the solid state, COBensity of only~10-12 g/cr® [115, p. 32] and that gas pres-
duction bands are responsible for the conductivity measute . annot exist§@. 1) in these r;mdels. How can conden-
in sodium? Hence, it should not be sur_prising th.a}t, jus_t astheion take place within a hot corona (@:7) while main-
metal r_nelts, some quan_tum mechanlcgl co_ndltlons mvoIv&%ing a gaseous state, which even at photospheric des)siti
in forming these conduction bands remains (i.e. there nesna), o 1d only be~10~7 g/cm? [148]? How can a vacuum retard
some interatomic order)._ Otherwise, a substantial chamgge rate of descent of these particles? With respect to the ex
conductivity would be evident. istence of coronal rain, the gaseous models of the Sun simply

With all these factors in mind, it is reasonable 0 SUggqy the necessary flexibility to provide a reasonable astou
gest that the structural lattice present in liquid metaiie ¢ ;g phenomenon.

drogen provides a superior setting to account for dynamo ac- Alternatively, the LMH model [35, 39], has advanced that

tion in the Sun. Metallic hydrogen should be able to SUPPndensed matter populates the outer solar atmosphere (see
real structure. Protons would occupy the hexagonal pla%%sS 6.52.3.7.§2.3.8,83.4,§3.5.§3.6,83.8,5§4.6,§4.7.84.8

(see Fig. 2) and electrons flow in the conduction bands nec§§5' §'5 6 §5 7 .a.né§6. 6’) .Ccyjo)(.je’nsé coronal and chro-
sary to generate magnetic fields. A LMH Sun should displgy, s heric ayers consequently stand as pillars of this iode

a density, throughout its interior, s_imilar to molten souiu 56—60]. In this regard, the presence of coronal rain can be
Conductive paths could be set up in the hexagonal hydro Ore readily explained if one permits true condensation to

(i.e. proton) planes which can benefit from the insulating a%cur within the solar atmosphere
tion of intercalate elements (see Fig. 19). As a direct conse As highlighted in§2.3.7 and§2 3 8 the K-corona should

quence, change_s i_n the.dynamo and in the magnetic ﬁeldﬂ'@’viewed as a region containingidise metallic hydrogen
]Eensny, IE assc&clatt |ofn W;tr;. trt1_e s?lar cycle, an \t/)\;ahacc??nh_-ﬂ' 60]. However, given the lack of pressure which exists in
or as a byproduct of exfoliative forces (s§%.8). €N € he K-corona, this metallic hydrogen cannot regeneragéf its

inr;[er;:alate elertnednlgs tare eerIIed fro:nh t:le sun, ::onducE/ her, coronal metallic hydrogen has entered the solar-atm

o e el e being expeed o e soar body dutng ety
. ) ' riods (se§2.3.8,§5.5,§6.6 and [57, 58, 60]).

anism to both build and destroy the solar dynamo. Further ! (sed 3 S ! D

. : o " Though coronal LMH would be unable to self-regenerate,
more, by turning to this substance as a solar building blo<|;tkShould be able to provide a surface upon which other ma-

*“Thermal vibrations can lower conductivity as temperatuaes in- terials could condense. This appears to be what is happening

creased, but thisfiect is neglected in this case since both solid and liquighith coronal rain.
phases can exist at the melting point. Thus, afigot of thermal vibrations
should be similar at this temperature in both phases. "This proof was first presented as the 23rd line of evidencg [53
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In this regard, it is important to note that coronal rain is
usually visualized in it and Call [334]. These emission lines
are chromospheric in nature (s&8.4 and§3.5). Their use
in detecting coronal rain strongly suggests that this nedter
unlike the coronal loops§6.5) with which it is often associ-
ated [334], is actually condensing chromospheric matérial
Thus, much like water vapor on Earth condenses in the
morning on the grass, hydrogen, in non-metallic form, ap-
pears to generate a dense condensate onto the coronal metal-
lic hydrogen framework. This could explain why coronal rain
can been seen flowing down coronal loops [334]. As the
two substances are distinct, the hydrogen condensateyslowl R fﬁi%ﬁgipm-zﬁ; o R—
drifts back down to rejoin the solar surface. Since coronal
rain remains attracted to the metallic hydrogen surfac#ssof Fig. 22: Coronal loops visualized in helium, oxygen, neatigicim,
corona, it is unable to simply respond to the forces of gyavihagnesium, or iron. Temperatures associated with eacheimage
and its descent appears to be retarded. been inferred from the gaseous solar models. They corrdspon
Consequently, the analysis of coronal rain and its beh&-20,000K, 250,000K, 400,000K, 630,000K, 1,000,000K, and
ior appears to provide wonderful examples of the interpl&P90-000K, respectively. NASA describes this image aoid,

between structure and function within the solar atmosphefgDS can produce images of the Sun at many wavelengths. I
- addition to hydrogen, the Sun’s atmosphere contains atoms o
It strongly suggests that two distinct forms of condensed h . . . :
ommon elements like helium, oxygen and magnesium. Inghe hi

droggn are present in this region: 1) dense molecular hy ,eQﬁperature conditions of the Sun’s atmosphere, thesesatonit
gen in the chromosphere [92] and 2) metallic hydrogen |ignt at diferent wavelengths depending on the temperature of the
the corona. Coronal rain is assisting in the harvest of hyss containing them. Therefore by tuning intgiatent wavelengths
drogen atoms from the corona. In unison, the metallic hydige can make images of material which is gfafient temperatures.
gen framework, upon which it is condensing, acts to scaverigs capability is illustrated in the picture above, wher®€ has
electrons from non-hydrogen atoms [56—-60], which it coutdken images of magnetic loops of material which extend igh
channel either to the solar body, or directly to coronal raifie Sun's atmosphere. These loops have been rendered nsilfe ea
In this manner, the corona functions to help preserve bath #sible by observing them when they occur near the limb of the
mass and charge balance of the Sun. Sun, and hence they are highlighted against the dark bacigro

of space. The elements and their characteristic tempezatare
indicated on the individual images. One of the surprises tha
5.5 Coronal Loops #29 the new SOH@DS data have produced is to show that loops at
Coronal loops can be readily observed, both in the contififerent temperatures can co-exist in the same regions of this Su
uum [178-180] (se€2.3.8) and using distinct atomic emisatmosphere. The white disk plotted on the oxygen image sthews
sion lines (se¢3.5 ands3.6), as shown in see Fig. 22. Theyarth to the same scale.Courtesy of SOHACDS] consortium.
representinhomogeneous structures’which appear to be SOHO is a project of international cooperation between ES& a

attached to the solar surface and which can extend well @f@%’i‘f} hmgrtt_pZi%t;cs)\;vg\:jw(.);g/cz%n;ér;asa.ggalIerySolarCoronﬁ
the outer atmosphere [335, p. 83—84]. They can be relativély ~ ™ '

small (1 Mm in length and 200 km thick) or have great phys-

ical extent (several million meters ta substantial fraction Fig. 22, as both chromospheric lines (84, §3.5,§3.6)

of the solar radius"with diameters of 1.5 Mm) [336]. While 5 coronal lines (se$3.8) can be detected within coronal
loops do not seem to possess substructure at the resolutjggﬁsl

currently available [336], they may display such featunes 0 - o4 100ps hold an interesting line of evidence for con-

scales of about 15km [336], a value well beyond current refs «aq matter. It has been observed titae hydrostatic

olutions. Based on the analysis of coronal rain, it has begnyje height . has always the same vertical extent, regardless
suggested that coronal loops have substructures smadler {y o\, much the loop is inclined, similar to the water level in

300km [_334]' ) i _communicating water tubes withffilirent slopes’[335, p. 84]
As discussed ir§5.4, coronal loops are associated W'ttbee Fig. 23).

the presence of coronf?\l rain. In this regard, the_ fqrmer MaY The vertical height to which some coronal loops appear
well represent a metalllg hydrogen frame\_/vork W'th'n the SfNed with matter does not change depending on inclination.
lar atmosphere unto which chromospheric matter, like COfgyq |41 is containing matter which behaves as a liquid. Con-
nal rain, can condense. This would appear to be confirmgdseyy ‘it the loop was merely plasma, tHéeets of vertical

*Chromospheric matter is likely to be comprised of condensatter extent Oln loop appgarance would béidult to justify. ) .
where molecular interactions between hydrogen atomsspgeg). In this regard, it may well be that the manner in which

Hellum (20,000°) Oxygsn (250,000°) Neor (400.000°

Calcium (630,000°) Magnesium [1,000,000%) Iron [2,000,000°)
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Fig. 23: Schematic representation of the vertical extensaafle
height (dashed line) in coronal loops. Material fills thegagp to
the scale height. If the loop is significantly inclined frohetver-
tical axis, then it can be somewhat evenly filled with matt€he
analogy can be made with water filling a tube which is more sg le
inclined [335, p. 84].

coronal loops appear tdill'’ with height might represent a
build up of condensed hydrogen onto these structures. As the
loops assume an increasingly vertical position, matefial o
chromospheric nature should slowly settle towards the base
of these structures, as it makes its descent down to re-enter
the solar interior (se#3.4,§3.5,§3.6). Gaseous solar models
are unable to rival this explanation.

Fig. 24: A series of images displaying spicules ir Bn the so-

5.6 Chromospheric Condensation #30 lar limb. These images are displayed through the courtedpeof
. . . L ... Big Bear Solar Observatory which have described the sesiésla
As discussed briefly i§3.4, the chromosphere s filled W'thows, Limb Spicules: The Figure shows the limb of the Sun at dif-

spicules [337] which seem to extend as disoriented hair R&ant wavelengths within the H-alpha spectral line (frort @m
yond the surface of the Sun.As demonstrated in Fig. 24,pluewards to 0.1 nm redwards of the line center). Some of the
spicules can be observed imxH They can also be seen irspicules (jets) extend above height of 7000 km. The images ha
other chromospheric emission lines, including those fram cbeen processed with a high pass filtenttpy//www.bbso. njit. edy
cium and helium (se§3.5,§3.6 and [150, p. 8)). images.htm| — Accessed ori3®/2013.

The gaseous models of the Sun have no simple means to
account for the formation of these structufeBroponents of
these models have expressed that two classes of spicuses exi Spicules seem to move up with nearly uniform speeds
Type Il spicules are short-lived (10-150s), thin200km), [206, p.61]. These speeds can actually increase with eleva-
and said to fade [338]. Type | spicules have a 3—7 mindten [150, p. 45-60]. Spicules can rise in jerky fashion opst
lifetime and move up and down [338]. It has been stated tigitite suddenly [150, p.45-60]. They céxpand laterally
Type Il spicules might be responsible for heating the corofisplit into two or more strands after being ejectef@37].
[338], but this claim, along with the very existence of Type All of this behavior, and the ability to document it, sug-
Il spicules, has been challenged [339]. Nonetheless, @esgests that spicules are not devoid of density against an even
the densities brought forth, spicules are still believedéo sparser background. Rather, they seem to be the product of
propelling matter into the corona. condensation. It is almost as if much of the material in the

Counter to these ideas, the metallic hydrogen model hofdlgomosphere exists in a state of critical opalescence, tha
that spicules are the product of condensation reactiores (Stfange state wherein matter is not quite liquid and noyfull
§3.4,§3.5,§3.6 and [59, 61]). They enable hydrogen atomgaseous [35]. Just a slight disturbance can cause the entire
gathered in the solar atmosphere, to rejoin the solar bduy. Bubstance to rapidly condense. Such a process would be es-
greatest clues for such a scenario come from the analysis@itially independent of direction (vertical or horizdpthut
spicular velocities which appear to be essentially inddpen

of gravitational forces [209—215], tablish a relationship between spicular velocities andvigational forces
(e.g. [337]).
*This proof was first presented as the seventh line of evidf8&6, $The author has previously described the situation as fell6@riti-
59, 61]. cal opalescence occurs when a material is placed at thecatifpoint, that

Spicules extend well into the lower corona where densitiesprding combination of temperature, pressure, magnetic field, amadity wherein
to the gaseous models, could be no greater #1n'° g/cm?®, i.e. the density the gagiquid interface disappears. At the critical point, a trgvaent lig-
of the upper chromosphere [148]. The associated densitiesl@ 2 of the uid becomes cloudy due to light scattering, hence the teiticalropales-
Earth’s atmospheric density at sea level 2x10°3 g/cm® [149]). cence. The gas is regaining order as it prepares to re-eritercondensed

*Some authors have attempted, although not very convingingles- phase”[35].
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would be guided by local fluctuations in material concentravidence that the ejected material and the surface uporhwhic
tions. This would explain the erratic behavior and oridntat it splashes are comprised of condensed matter.
of spicules.

The formation of spicular material suggests processes thet ~ Solar Winds and the Solar Cycle #32

are being observed near the critical point of a dense fo¥Bar winds have presented astronomy with a wealth of in-
of hydrogen [92] in the chromosphere. In moving from thgmation, especially when addressing variations in meliu
coronato the photosphere, thigeset of gravity becomes more,pndances [342-351]. Two kinds of solar winds can be
important and, though te_mp_eratures might not be changjagnitored. They are known as slow400knys) and fast
much (see§2.3.7), material in the chromosphere could Bg00_goo kiys) winds [349]. They dfer only slightly in their
falling sufficiently below the critical point to allow for rapid particles fluxes (2.% 108 cm 2 s L versus 1.& 108 cm 2 s°,

condensation [35]. respectively), though they can have significant variations

Whether or not critical phenomena are being expressgdir proton densities (8.3 criwversus 2.5 crt?, respectively)

in the chromosphere [35], it remains relatively certaintthﬁmg]' Fast solar winds are typically associated with caton
spicules themselves represent sites of condensation 8othg,g|eg [52,349].

lar atmosphere, as manifested both by their dynamic behav-gq; ihe gaseous solar models, the origin of solar winds

ior and by the emission lines with which they are associatgdnends on the presence of a hot corona, which thermally
(§3.4,83.5,§3.6 and [59, 61]). Itis highly likely that spiculesgyhands as gravitational forces decrease with distancd.[35
are not propelling matter into the corona, but rather, theyt 1, body of the Sun is not involved, as a gaseous Sun must

are enabling hydrogen, presentin the solar atmosphere; (G&main in perfect hydrostatic equilibrium, i.e. the forads

assume a condensed state and return to the solar bodyqlyity must be exactly balanced with electron gas and radia
this case, they act to harvest hydrogen and return it to ﬁ% pressure [13, p. 6-7].

photospheric intergranular lanes [59], as illustratedvatio In bringing forth a solution for the origin of solar winds,

Fig. 14. . . _ . Parker [352] would carefully consider earlier findings [353
As with coronal rain, the chromospheric matter whicBs ) giermann had studied the orientation of comet taits an
makes up spicules should be comprised of dense hydroggRa|,ded that coronal particles were flowing away from the
which is non-metallic, as it retains some hydrogen-hydnogg, o pody [353]. At the same time, Unsold and Chapman
molecular interactions within its lattice [92]. This defflseEm o4 ced that the Sun was expelling charged particles respon

of hydrogen, upon entering the pressurized environment@fje for geomagnetic storms and computed the associated

t_he solar interior, could then be transformed back to themelyosities [354]. Parker would make the logical link between
lic state [59]. these events, but required for his solution that the spame-oc
5.7 Splashdown Events #31 pied by coronal matter expapdeq as it moyed away from the
Sun [352]. In order to permit this expansion, he postulated
Following violent flares, matter can be seen falling, in &rgnhat the corona must exist at millions of degrees [352]. He
fragments, back onto the solar surfdcghe phenomenon re-pelieved that the outer corona could remain very hot, since
sembles a huge mass of liquid projected into the air and theRapman had calculated, a few years before [355], that ion-
crashing back to the ground. A particularly impressive évgged gases could possess tremendous conductivities. -There
was witnessed on June 7, 2011 [340, 341]. Solar matefile, heat could be channeled from the lower corona to the
was ejected, as a great, almost volcanic appearing event,Qfter solar atmosphere, to drive the solar winds.
curred on the photosphere. Solar matter was projectedttarin - Ag a result, the gaseous models have required the impos-
the corona, reaching heights well in excess of 500,000 kgih|e from the corona. The latter must be heated to temper-
Upon reaching a certain impressive altitude, the ejected phtyres well beyond those of the solar core (§8€8) using
tospheric matter was seen to fall back onto the solar boﬂ)’ocesses based on magnetic fields [148, p. 239-251]. Then,
Striking the surface, the descending material produced§tr jt myst transfer this energy in two directions. First, theora
brightening at the impact points. must be able to drive all violent activity on the solar sur-
These events elegantly support the contention that flaggss [12], like flares and coronal mass ejections ($&d
and CMEs are driven by the buildup of pressure within the sgnq [179]). Second, it must allow energy, through its eletat
lar interior, not by transferring energy from the coronadll8 conductivity [355], to reach the outermost layers of thesol
Most importantly, following the ejection of material from aytmosphere. In this manner, the corona itself can proviele th
flare, the return of mass towards the solar surface can be gigrmal energy required to drive the solar winds [352].
tinctly visualized. The associated impact points providaic But, if energy can dissipate into the outer corona through
*There could be substantial opposition to the idea thatatiphenom- elevated conductivity, how can it be available to drive aoef

ena are being observed in the chromosphere. However, sgiouhation  activity? How does the directionally opposite flow of headin
seems to reflect the scale lengtfeets which characterize these processes
"This proof was first presented as the 24th line of evidenck [53 #This proof was first presented in [47, 48, 52].
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conductive material, like the corona, not constitute aatioh sitioned orthogonally to the solar surface [52]. This would
of the Second Law of Thermodynami¢d?urthermore, why enable the rapid ejection of intercalate atoms from thersola
require that heat be transferred into the corona from ther sohterior at the poles when the Sun is quieéh the convection
interior prior to its application elsewhere in the Sun? Wigone below the solar equator, the intraplanar axis (A in&jig.
not simply let the solar body do the work? would be rotated by 90 becoming parallel to the solar sur-
In any event, to maintain the requirements of hydrostafce. This would act to restrict the degassing of interealat
equilibrium [13, p. 6-7], the Sun must let its ultra-low deratoms, resulting in slow solar winds above the equator.
sity vacuum-like corona maintain every unexplained preces A clearer understanding of solar winds provides new in-
It does so by transferring energy from the solar interior usight into helium abundances [47]. It has been argued that
ing magnetic fields, even though gases are unable to generateent estimates of solar helium levels are largely oderes
such phenomengb.3. mated [47]. Evidence suggests that, during active pertbds,
The requirements that the corona is hot also introduces 81 is expelling helium from its equatorial region, not ireta
problem of the cool K-coronal spectrum (sg&3.7), which ing it (see Fig. 15) [47].
must, in turn, be explained with relativistic electrons.wHo  Helium levels in the solar wind can vary substantially
could relativistic electrons survive in a conductive med® with activity. When the Sun is quiet, the average/Hiea-
Resorting to this proposal hampers the search for the undigrin the slow solar wind is much less than 2%, often ap-
lying causes of the solar cycle. proaching<0.5 % (see Fig.1 in [348]). However, when the
Conversely, Christophe Robitaille has theorized that tBein is active, the ratio approaches 4.5% [348]. Relative he-
Sun is expelling non-hydrogen elements synthesized witliimm abundances can rise substantially with solar actiliitg
its interior (private communication and [48])In the LMH flares [347], and the HE ratio increases dramatically during
model, the Sun possesses a true graphite-like layereddattjeomagnetic storms [343]. Extremely low MHeratio values
(see Fig. 2) over much of its volume, except perhaps, in the0.01, rising to 0.08, with an average of 0.037 have been
core? Itis known in graphite, that layered lattices can accomeported, when the Sun was quiet [343],/Heatios can vary
modate the intercalation of atoms [18], as has been illtestragreatly, especially in slow solar winds [343, 346]. Therefo
in Fig. 19. In this case, protons occupy the hexagonal planastronomers have assumed that solar winds cannot be used to
electrons are flowing in conduction bands, and non-hydrogessay this element [347]. However, it is more likely that tvha
atoms are found in the intercalation regions. These atoim¥eing observed has not been correctly interpreted.
can freely difuse in the intercalation zones, but would expe- Extremely low He¢H ratios challenge the premise that the
rience restricted diusion across hexagonal hydrogen plan&sin has an elevated helium abundance [47, 241, 242], send-
(see Fig.19). Such simple considerations, within the cdng shock waves throughout cosmology (see [47] for more
text of intercalate structures, can readily account fosstilar detail). As helium can be essentially absent from the so-
winds [47,48,52]. lar wind, astronomers, rather than infer that the Sun has a
In this model, the tremendous pressures within the solaw helium abundance, assume that the elements must not be
interior provide the driving forces for the solar wind. Nonproperly sampled. Helium must be gravitationally settling
hydrogen atoms in intercalation regions are being expel@ Sun (see [48] for a detailed discussion) or is being de-
from the solar body by simple mechanical action, in acc@troyed on the way to the detectors by processes occurring in
dance with known exfoliative processes in graphite [48}. Fthe corona [347, p. 298].
instance, an atom traveling at 800etould leave the cen-  The fast solar wind is thought to represent a less biased
ter of the Sun and escape at the surface in only fifteen mippraisal of elemental abundances [347, p.295], predisely
utes [52]} cause helium is being ejected from the Sun and subsequently
During quiet solar periods, the known presence of fast stppears abundant. Aellig et al. report that the fast soladwi
lar winds over coronal holes [52, 349] could be readily ekas a helium abundance of 4-5% throughout the course of
plained. It requires that the intraplanar axis (A in Fig. 2heir five year observation (see Fig. 2 in [348]).
of metallic hydrogen, in the polar convection zone, be po- These results can be readily explained when considering
that the Sun is condensed matter. When the Sun is quiet, itis

*It is already dificult to accept that a low density vacuum could transfe e . . . .
its energy to the solar surface. This scheme becomes evea strained degassmg its intercalation regions, p”mamy from tthpO

when coronal energy is permitted to flow freely, using cotidagaths, away Large amounts of helium can accordingly populate the fast
from the Sun. The only solution implies a violation of theskitaw of solar wind. When solar activity is initiated, the Sun begims

Thermodynamics, i.e. energy is being created in the miditlesocorona. degas its equatorial regions. Much of this helium then tgave

fLithium provides one notable exception, as see§drB and [54]. . .
A body center cubic structure, as proposed in computatistualies of along with slow solar winds to our detectors, and those con-

dense plasmas by Setsuo Ichimaru [97]Y would be approp‘[‘.a@e solar centrations are IlkerSe elevated. HOWEVGI', When the Sun IS
core (seg6.5).

$This compares to thousands, perhaps millions, of years fiiogon to ICoronal holes persist above the poles during periods ofcestigolar
leave the core of the gaseous Sun §28.1 and [42]). activity (see§4.6).
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quiet, virtually no helium reaches our detectors in the slow
solar winds, as this element is how trapped in the equatorial
intercalation regions. This scenario provides strong vaeti
tion for concluding that the Sun is actively degassing meliu
and that the true internal abundances of this element must be
much lower than currently estimated [47,241, 242].

Not only can the LMH model account for the production
of solar winds, but it advances an underlying cause of the
solar cycle: degassing of the solar body [48,52]. When the
Sun is quiet, fast solar winds are able to degas the convectio
zones below the poles. This helps to explain why sunspots are
never seen at these latitudes. However, during this petied,
equatorial regions are experiencing restricted degassimg
is due to the parallel orientation of the hexagonal hydrogem. 25: Variations in sound speed within the Sun. Red region
planesin layered metallic hydrogen lattice, with respethé are hotter than the standard solar models, while blue regiwa
solar surface. Such an orientation prevails in the undaglyicooler. Thisimage has been provided courtesy of S@Mhelson
convection zone when the Sun is quiet. Solar activity is ifdoppler Imager] consortium. SOHO is a project of intermagicco-
tiated when active degassing of the equatorial planes begftperation between ESA and NASA. (hffpohowww.nascom.nasa.
This occurs in association with a rotation or partial breaf9v9alleryimagegmdio25.html — Accessed on 12013).
down of the hydrogen planes, as was seen when discussing
sunspots§2.3.3). This is the reason why coronal holes can
appear anywhere on the solar surface when the Sun is active,

as discussed if4.6. When accounting for solar winds, coro-

nal holes, and solar activity, the LMH model far surpassesifiotosphere, with a density of oniyl0™7 g/cn® [148], can
insight anything &ered by the gaseous models. act as a resonant cavity. Within the gaseous models, the Sun

has no distinct surface, hence it cannot provide a physical
6 Helioseismic Lines of Evidence boundary to sustain solar oscillations.

. . . Fig. 25 displays slight diierences in sound speed with the
Seismology remains a science of the condensed state. &Hdard gaseous model. A detailed analysis of such stud-
SO, propongnts of the gaseous models_ adhere t_o the p%\'gfcan be profitable. Bahcall et al. [361] have also compared
that helioseismology can claim otherwise. In this sectlotrI'J],e
a group of six helioseismic conclusions will be briefly e
amined. Each provides compelling evidence that the Su
comprised of condensed matter. It might be argued that ot
helioseismic lines of evidence could be extracted. Only

have been selected for their scientific impact.

oretical results with experimental helioseismic firggifor
XStandard gaseous models. Absolutely amazing fits are ob-
dined throughout the solar interior, but the authors fail t
Fvide comparisons for the outer 5% of the Sun (see Figs. 12
fd 13in [361]). Yet, all observational data is being aceqlir
precisely from this region. Therefore, any perceived eixper
6.1 Solar Body Oscillations #33 mentaltheoretical agre_ement has little validity.
As was concluded i§3.1, the Sun presents the observer
The Sun acts as a resonant cavityt sustains oscillations, with a distinct surface in the UV and X-Ray bands. This sur-
as sound waves travel (see Fig. 25), within its interior [35¢ace is covered by low-frequency 3 mHz oscillations [362].
360]. The most prevalent solar oscillation has a period gfidence for a distinct surface has also been presented by
5 minutes, but many more modes exist [356—-360]. Thus, tf¢mma-ray flares (s€8.2). The Sun behaves as a resonant
solar surface is reflecting internal audio waves and thise€&wcavity in the audio bands, implying a true surface. But the
the entire solar body taing’, as it succumbs to seismic acgaseous models must maintain that the solar surface is but
tivity. an'‘illusion’, to somewhat poorly account for limb darkening
Though scientists currently utilize helioseismology t-ju (see§2.3.2). Unfortunately, illusions make for poor resonant
tify the gaseous models [356-360], the conclusions would &yities. It is more logical to infer that the Sun has a digtin
better suited to a condensed Sun. It is not reasonable thati@ace over the entire span of relevant wavelengths (d¢adio
*In this regard, it should be remembered that the chromospdradt the X'ray)’ as prowded by condensed matter.
corona are working to actively recapture hydrogen, prqtans electrons. Despite denial that the Sun is either liquid or solid, as-
This would act to elevate the Hé ratio detected in any solar wind. In ad-tronomers refer to solar seismic event<'similar to earth-
idn'gg?(’ (:L“:f:i;higs)”nqa'i ﬂﬁgﬁjfe'”lirgfZﬁae'astglgf%fgf ::ﬂ“’teggﬁe\s;zge quakes’[362]. Such analogies are in keeping with the known
as composed almost entirely of hydrogen. truth that seismology is a science of condensed matter. The
"This proof was first presented as the fifth line of evidence38542]. same can be said for the Sun.
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6.2 Mass displacement #34 Attempts to generate these waves, not only in a gas, but in an

On July 9, 1996 a powerful X-ray flare disrupted the solg}tra-low-densny vacuum, challenges scientific reason.

surface, as illustrated in Fig. 26 [362, 363This image was g 3 Higher Order Shape #35

obtained through Doppler methods. Consequently, material ] ] )
moving towards the observer appeared brighter, while mategismological studies have revealed that the Sun is not per-

propagating away from the detector seemed darker. Thdgrstly oblate §4.4) but rather, is characterized by higher order
fore, the flare itself was bright. quadrupolar and hexadecapolar shape terms which appear de-

pendent on the solar cycle [364]Higher order shape terms
involve forces beyond those produced with simple rotation o
a homogeneous liquid mass. They imjahyernal structure
within the SunHence, they stand as a sublime indication that
the solar body possesses real structure beyond the core.

It would be extremely dficult to justify that fully gaseous
objects could ever sustain observable internal structfral
fects. Yet, the higher order quadrupolar and hexadecapolar
shape terms must arise from internal structure. Conversely
within the context of the LMH model, higher order shape
terms would be expected. It has already been mentioned that
the hexagonal hydrogen plane orientation (see Fig. 19geat t
level of the convection zone, could account for coronal fiole
solar winds, and the solar cycle (s¢&.8). Hexagonal hy-
drogen planes could give rise to large layers, moving over
one another, whose orientation relative to the solar serfac
could slowly vary from equatorial to polar regions (i.e. par
allel versus orthogonaf) This would give rise to true under-
lying structure in the convection zone, as expressed indnigh
Fig. 26: Doppler image of a solar flare and the associatedrdistorder shape terms.
bance on the solar surface acquired by the NAS®A SOHO satel-
lite [362]. Courtesy of SOH{Michelson Doppler Imager] consor- 6.4 Tachocline and Convective Zones #36
tium. SOHO is a project of international cooperation betwESA
and NASA.

The Sun possesses a convection zone characterizeétény di
ential rotation [356—360].While a gas can easily be thought

Kosovichev and Zharkova [362] support the notion, celf undergo Fﬁerential rotaFion, the Sun is characterized b)_/
tral to the gaseous models, that flares are being excited vfiPther region: a tachocline layer separates the convectio
coronal energy. They suggest thathigh-energy electron Zone from the solid solar core (s§€.5). .
beam(is) heating the cool chromospheric ‘target’ 'Surface _The tac_hocllne region acts as a_shear layer within the Sun.
activity is driven, not from the interior of the Sun, but fron] NiS layer is known to be prolate in nature [360, 365-367].
the coronal vacuum. Nonetheless, the displacement of mdta€ tachocline is generally thicker and shallower at theéig
rial observed in Fig. 25 strongly supports Zoliner’s ideas Iatl.t_udes [360, 366]. It seems to display some temppral- vari
garding the nature of solar flares, as previously discussed@pility across the solar cycle [366], strongly suggestorg.e
§5.1 and$5.7. It appears that the flare was produced whégain, that structural changes are taking place withindlaa s
pressurized material was ejected from the solar body bey&fgly (See$5.8 ands6.3). _ o
the photospheric surface. When considering the tachocline layer, it is important to

But, when the flare emerged, it produced enormous trafecall that s_hear stresses requi_re the presence of a physica
verse waves on the surface of the Sun. The crest to crest Bidne- For instance, the equation for shear stressfates
tances are on the order of 10 Mm. Kosovichev and Zharkd{}t 7=F/A, where F=force and A-Area. It is not possible
[362] describe these tra_nsverse Wave‘g‘wmbl”_]g ripples "This proof was first presented in [50], as supportive§éf4. How-
from a pebble, thrown into a ponddnd maintain that the ever, solar oblateness does not depend on the use of hefiaslegy for its
behavior can be explained with computations involving gégermination §4.4) and has been invoked by Jeans [27, 28] as providing a
models. Still, they visualiz&ipples on a pond”, a direct ref- mechanism to generate binaries [3]. As for higher order shiafs indica-

) ' . . ! . tive of forces which dfer from those involved in creating oblateness. Upon
erence to behavior which can only be observed in condengggnsideration, higher order shape now stands on its owrseparate line

matter. Gases can sustain longitudinal, not transversesvawf evidence.

#This resembles tectonic shifts on Earth. Such a paralleldrasn by
*This proof was one of the earliest [4,29] and was presentethestime, Luc Robitaille (personal communication).

as the sixth line of evidence [35]. §This proof was first presented as the nineteenth line of ecel¢50].
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to have a shear stress without acting on a surface, or an oiga{214, 369-372] have successfully detected seismic svave
nized lattice plane of atoms, as provided by condensed maitethis region of the Sun and the presence of both incompress-
Imaginary planes cannot experience shear forces. ible and compressible waves is now well-established. These
Consequently, the shear nature of the tachocline, and #ine viewed as magnetohydrodynamic waves (MHD) in na-
fact that it displays a prolate nature, provides clear ewide ture#
that the solar body is physically structured. Furthermidre, The existence of incompressible transverse waves in the
appears that this is an area of the Sun which can undesgtar atmosphere [214, 369-372] suggests, once again, that
changes with the solar cycle. These results are most grabes region of the Sun contains condensed matter. These have

fully explained by the LMH model. been observed in spicules [214] and within the chromospheri
level [372]. Their detection implies that the densitieshafte
6.5 Solar Core #37 solar layers are well in excess of those which typify Earthly

As was suggested §6.4, the core of the Sun undergoes soli¢(fcuums. _ o

body rotation [368]. This conclusion, has been reached by a AS & point of interest, it is known that comets can send

virtual who’s whoof authority in helioseismology [368]. |nShock waves throughout the solar corona and chromos_phere.

the central portion of the Sufi, . . the rotation rate appears On January 29, 2013 (see [373]), a comet begins to disrupt

to be very little, if at all. Its value is 430 nHZ368]. the solar atmosphere when it is more than-]Bway from
Solid body rotation in the solar interior directly implie$n® Sci?r surface. At this location, the corona has no densit

that the body of the Sun cannot be gaseous. This rotatigrt0'> g/cn, the density of the upper chromosphere [148]),

requires the presence of powerful cohesive forces withn fccording to the gaseous models. Itis unfeasible that eaxult

Sun. None can exist in a gaseous object. low-pressure vacuum could be able to respond to the entry of
The observation is more in line with Setsuo Ichimaru&cometin this manner. The ability of comets to trigger shock

conjecture §2.3.1 ands5.8) that the central portion of the/ave propagation throughout the solar atmosphere indicate

Sun can be considered to exist as a one-component plag?ﬁéth's is a region of elevated density. This conclusian is

of metallic hydrogen [97, pp. 103 & 209]. Ichimaru adopte£ePing with the LMH model of the Sun.

the body-centered cubic structure in his studies [97-9€]] a  lemental Lines of Evidence

this lattice configuration would make sense at the center of

the Sun. 7.1 Nucleosynthesis #39

In this respect, Ichimaru based the density of metallic hiyas peen gloriously stated that the elements were formed i
drogen in the core on conclusions dgrlved from gaseous mgqks stard. In this, there appears to be much truth [374-388].
els. If the photosphere of the Sun is truly condensed, thefym its inception, stellar nucleosynthesis has always bee
the values he adopted (56.ZcgP [98, p.2660]) would be closely linked to stellar evolution [129, 374-378].
much too elevated. In a liquid model, the density cannotvary The idea that the Sun could synthesize helium was first
much throughout the solar body, remaining near Jehg proposed by men such as Gamow [377, 378], Bethe [379—
(i.e. slightly lower at the photosphere and slightly highrer 381], von Weisacker [382] and Hoyle [383, 384]. The p-p
the core). Atthe center of the Sun, we are merely withessigction, wherein two protons combine to make a deuteron,
achange in lattice structure from a layered Type-I lattioro \yhjje relying on positron and neutrino emission, would come
most of the photosphere, to a more metallic layered Typgdl pjay a vital role in*He synthesis within low mass stars
lattice in the convection zone, and finally to a body-cerniergm’ p.118]. For stars with a greater mass than the Sun,
cubic lattice in the core. Intercalate atoms would be presgfyine and von Weisacker, in 1938 and 1939 [380-382], ad-
within Type I'and Type Il layered lattices. If they changenTo \anced thatHe was being formed in a simple cycle involving
the condensed to the gaseous phase, these intercalate W%@en, carbon, and oxygen (CNO).
could slightly reduce the average densities of these layers Early on, Hans Bethe had argued tfrad element heavier

The LMH model is more in keeping with physical obsethan4He can be built up in ordinary stat§381]. With those
vations within the Sun. It is not reasonable to advance ”Wérds, the Sun was crippled and stripped of its ability to enak
gases rotate as solid bodies. Condensed matter enable§%|ement beyond helium.
formation of a solid core which can account for the observed” ggethe had reached his conclusion based on the probability
rotations. of nuclear reactions in the gas phase and at the temperatures
of ordinary stellar cores [381, p.435]. If this was true, how
did the Sun come to acquire the other elements? For Bethe,
Helioseismology has been extended to the outer solar atriie answer appeared straightforwdfthe heavier elements
sphere [214, 369-372]. Coronal and chromospheric studfound in stars must therefore have existed already when the

6.6 Atmospheric Seismology #38

*This proof was first presented as the twentieth line of exidgb0]. *See [372] for a brief, but well compiled, literature review.
"This proof was first presented as the 29th line of evidenck [58 $This proof was first presented in [44, 48].
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star was formed’[381]. Extremely large and hot, first genmodel, dense structures enable the synthesis of heavy ele-

eration stars, had, soon after the Big Bang, created theyheaents which is not restricted to the solar core, but expresse

elements [389]. These elements merely represented contamthe convection zone where the intercalation regions @n b

ination in the Sun, a product of objects extinguished lorigund.

ago. A metallic hydrogen framework can restrict protons to lat-
At the time that the CNO cycle was outlined [380-382fice points in the hexagonal plane and confine other atoms to

the discovery of metabolic cycles was creating a fury in-biche intercalate layer [48]. Solar pressure and latticeatibns

ogy. Just a few years before, in 1932, Hans Krebs (Noleeluld act in concert to enhance the probability of nuclear re

Prize, Medicine and Physiology, 1953) had discovered thetions. Two adjacent protons, in the hexagonal hydrogen

urea cycle [390]. He would go on to outline the tricarboxyliplane, could give rise to a deuterium atom, with the asso-

acid (TCA or Krebs) cycle in 1937 [391], the discovery fogiated positron and neutrino emission [388]. This deutariu

which he gained international acclaim. It cannot be doubteguld then react with another, leading directly to the sgaif

that these great pathways in biology influenced astrophlsief “He. Alternatively, it could fuse with a proton, leading to

thought. Cycles seemed all powerful. the formation ofHe. Both*He and the light helium isotope,
Biological cycles initially concealed their many lesson8He, would be immediately ejected into the intercalation re-

It would take years to fully understand that they were highgyion [48]." Over time, the intercalation region could sustain

regulated entities. Biological cycles required a complementher nuclear reactions and become the birthplace of all nat

of reactions and cofactors (small activator molecules os)o urally occurring heavy isotopes. The Sun and the stars gain

which could either sustain the levels of intermediates er ahe ability to synthesize all of the elements [44, 48].

tivate key enzymatic reactions. Similar regulation woutd b |n this regard, it is well-known that solar flares can give

difficult to envision in the case of the CNO cycle. As a resiffemendousHe abundance enhancements [180]. Eruptive

can this cycle truly occupy central positions in the synthesgjares have been known to produittée/*He ratios approach-

of “He in the stars? Why confound the process by resortipg 1 [186], and thousand-fold enhancements of this ratio

to a cycle, when simple reactions between hydrogen atoRage been observed [392]. These findings can be better un-

should be sfiicient for all stars? derstood in a solar model whereiile is being preferably
Itwould seem fortuitous that precisely the proper amour§ianneled into intercalation regions ofete. 3He could then

of carbon, nitrogen, and oxygen has been distributed witkjzplay an enhancement ovéte when released into the solar

stellar interiors, to permit these reactions to take plalfe. atmosphere during activify.lt would be dificult to account

stars are truly gaseous, how do they ensure that these eenfep the finding for the gaseous models, but the result can be

are not destroyed, or used up, by competing nuclear reactigasonably explained using the LMH model.

— something which can be prevented or exploited to advan-

tage in biology? Unlike a biological cell, with its intricat

means of forming, separating, and transferring metatslite

the gaseous star cannot control the course of a single reéhc-Earthly Lines of Evidence

tion. Everything must occur by chance. This complication i, earthly lines of evidence may be the most powerful. They

directly oppqsed to the subastgnce of cycles. are certainly the most far reaching. Climate dictates our fu
Concerning nucleosynthesis, proponents of the gaseQys and the survival of humanity.

models require the improbable. Hobbled by theory, they must

. . ; Thus, it is fitting to close this discussion with the climatic
claim that first generation stars created the heavy elemeﬁﬁ% of evidence. This acts to highlight that there is much

Moreover, they advance that, while mankind has succeysftMore to studying the Sun than intellectual curiosity. Astsuc

synthesized many elements, the Sun is unable to build a{Wé‘Young Sun Problenand the great Maunder minimum of
thing beyond helium. First generation stars which no Iong[?]re middle ages are briefly discusded

exist had done all the work [389]. These conclusions, once
again, call for the suspension of disbelief. It is much more "3He could also emit a positron to make tritiufH. Remaining in the

reasonable to assume that the Sun has the ability to syréhegixagonal plane, this hydrogen isotope could then reabtandingle proton
all the naturally occurring elements, based on their presemm make*He, which could then be expelled into the intercalate region
in the solar atmosphere. This requires simply that the reaction of a deuterium atoth eproton

. . . . is preferred over its reaction with another deuterium atdrhis would be
In turning his attention to dense plasmas, Ichimaru rec bected in a hyrogen based Sun.

nized that they could provide additional freedom in elemen- $the solar neutrino problem has not been addressed in this asa

tal synthesis [97-99]. These ideas have merit. In the LM exposition would involve too much discussion. fce it to state that

difficulties involved in obtaining proper neutrino counts hyghliggest that
*Note that the author has proposed a cyclgdr6. In this case however, the Sun is sustaining other nuclear reactions beyond thglsisynthesis of

the formation of triplet He has not been left to chance. Ihisdirect product “He.

of a systematic chemical reaction. The other reactant icyhke, hydrogen, IThese constitute a single line of evidence as they are btatedeto

is present in excess. climatic changes on Earth.
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8.1 Climatic #40 over time. The LMH model is much more in accordance with
8.1.1 The Young Sun Problem observational facts in this regaid.

The gaseous models infer that, when the Sun was you8d,.2 The Maunder Minimum

it was much cooler than it is at present [393-395]. Once . i )
thoughtto be faint and dissipating much less heat onto the i 9r€at minimum appeared in the Sunspot cycle during the

face of the Earth, a gaseous Sun became increasingly wil dle ages. This minimum was first recognized by Sporer
over time. Thus, the Sun was once thought to be faint, diy! _Maunder [400-404]. _lt is known today as Mau_nder
pating little energy onto the Earth. Two billion years ade t mlnlmum[4_103]. Many be_lleve tr]at the Maunder minimum
mean temperature of the Earth’s surface would have been\qggass_omate.d with htt_le ice age on Earth [403]. The con-
low the freezing point of water [393]. A paradox arises, sin& USion is particularly imely, since the Sun may be engrin
geological studies have revealed that water existed orn E&ROtNer minimum in 2013, as solar activity apparently drops

in liquid state as early as 3.8 billion years ago [393—-395]. to avtgotyear Iowt[:OS]. L . dels. th
In order to resolve this problem, Carl Sagan was one of at causes these minimae=inh gaseous models, the an-

the first to advance that the answer could be found in tfm\é{ers will be dificult to ascertain, as these ideas have dif-

Earth's atmosphere [395]. If the young atmosphere was ré%u“y allc.countmg for any solar activity. AS. for the LMH
model, it is based on the tenant that solar activity must he fu

In COz, then the greenhouséect and global warming [396] 8menta|ly related to degassing of intercalate atoms.aperh

provided an explanation [393-395]. Everything appearedt e Maunder minimum arises because the Sun has been thor-

be resolved [393]. ) ;
. . - . oughly degassed, either through an unknown internal mecha-
Still, some remained unsatisfied with the greenhouse so-
nism or an external force.

lution. Several stated that a young Sun was more massive . . .
: : . In this regard, it may be important to recall that comets
and accordingly, hotter [393, p. 457]. In this scenario aun S
lost enormous amounts of material over the years thrdagh"lepear to send shock waves through the solar atmosphere as
they come near the Sun [373]. These shock waves could be

vigourous, pulsation driven, §olar w-|no[393, P 457].' The der%;assing our star beyond normal, hence reducing the need
young Sun could have been fifteen times more luminous t?‘gj

. . 3{uture solar activityShock degassingay seem unlikely.
now, simply as a consequence of these changes in mass [393, I .
0. 458]. owever, comets do have periodic motions around the Sun.

One or more could cyclically return to cause sufieets. In

But, itis difficult to conceive how a gaseous star, wolent%is respect, the comet ISON is arriving in just a few days

expelling mass despite great gravity, will cease to do S0[266]. It will be interesting to note the shock wave it com-
gravitational forces decrease. Nonetheless, these lukss i mands as it orbits the Stin

have survived, although with less dramatic changes in mass
loss [397]. In this approach, the gaseous young Sun was 83t Conclusion
faint, but bright [397]. This was more in keeping with warrq_

Iroughout these pages, a trial has unfolded relative to the
temperatures both on the Earth and on Mars [397] Greeé]nstitution of the Sun. Prudent consideration of the qoest

house &ects could not simultaneously explain these findingr quires the objective analysis of solar data. Observation

In the end, the LMH model has a distinct advantage re?— . . .
. .must be gathered and rigorously considered in light of known
ative to the young Sun problem. Only the gaseous equat|?8|‘“bs

of state demand that a star like the Sun must become incre%(_)ratory flndln_gs. Sugh were the lessons imparted long ago
. . ; ) when Gustav Kirchhfd first contemplated the nature of the
ingly luminous as it evolves.But over time, a Sun based o

. Sun [26].
condensed matter, should cool from the most luminous (ClaSSKirchhoff’s approach has now been repeated. A wealth

O) to the coolest- stqr type (I'e.' Class M). of information has been categorized and meticulously eval-
Some may highlight that, if our Sun was once an O. ?laﬁated. Data spanning every aspect of the solar science has
star, th_ere should be no water on Earth. '_I'he_s_upposmorbbsen included. Not a single fact was deliberately omitted or
not valid. When the Earth was young, smen_tmc consenﬁqgored' Rather, the full complement of available evidence
states that it was molten (see e.g. [399]). This can be ear s been weighed and described. The Sun itself was permit-

explalneq if the Sun was once an O Clafss star, but not | &g to dfer full testimony. In completing this exercise, a total
was a faint gaseous object. The Earth, like our Sun, coole

fThe mystery of the appearance of water on a planet that was onc
*The author has previously addressed Lane’s law and thesiseddumi- molten has not been properly addressed by anyone to theraukinowl-

nosity gained by the gaseous stars as they evolve [3]. Wither to stellar edge.

evolution, the LMH model will advance that stars cool as teegive and do *Shock related degassing of the Sun should be viewed as someth

not increase in luminosity. The brightest stars (ClasseadD? are actually positive. A star unable to properly degas might well exteliaas discussed

the youngest, while the faintest are the oldest (Class Mis iBhcompletely in [48], and become a red giant or a supernova. Thereforeksiegassing

contrary to current beliefs in astronomy. Stellar evolutwill be addressed may well be necessary, even if Earthly temperatures subséguall for

in considerable in detail in an upcoming work [398]. rather long periods of time.
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of forty lines of evidence have been addressed in seven briaages, might be best understood as an ever-present need to
categories. Each has spoken in favor of condensed mattereject elements from its interior.

Of these, the Planckian lines of evidence, as outlined in Finally, a conclusion must inevitably be drawn. Can a
§2, will always merit the preeminent positions, since they djaseous Sun truly survive, based solely on mathematical ar-
rectly reveal true lattice structure at the atomic level.e Tiyuments, when not a single observational line of evidence
solar spectrum, limb darkening, and the directional emisslends it support? In the end, such an arsenal of observationa
ity of many structures (sunspots, granules, faculae, ntamgneroofs has been supplied that there can be little doubt in the
bright points, spicules, the K-corona, and coronal stmasti answer. Formulas can never supersede observational finding
highlight that metallic and non-metallic material can berfd Hence, only a single verdict can be logically rendered. The
within the Sun. Sun must be comprised of condensed matter.

The spectroscopic lines of evidence may well be the most The consequences are far reaching. They call for a new
elegant. It is not only that they provide obvious clues fgyeginning in astronomy. Nonetheless, there is hope that a
a solar surface, but that they finally expose the underlyipgformulation of astrophysics can bring with it a wealth of
cause of line emission within the chromosphere and cororaewledge and discovery. As scientists turn their thouthts
In this regard, molecular hydrogen and the metal hydridggondensed Sun, may they renew their fervor in the pursuit
strongly suggest that the chromospheric flash spectrum gad understanding of stellar observations.
flects the presence of condensation reactions in the selar at
mosphere. Yet, it is triplet helium which has rendered theyjjogue

most definitive declaration. It appears that an activated he ) _
lium cycle does indeed exist in the chromosphere, har\gesth‘io more appropriate closing words can be uttered than those

hydrogen atoms and enabling them to rejoin the solar s@f-Cecilia Payne, she who established that we live in a hy-
face. In concert, the cool-LMH-containing K-corona scafirogen based universe [86]The future of a subject is the
enges electrons, thus helping to preserve solar neutrgiiy Product of its past, and the hopes of astrophysics should be
associated light emission from highly ionized ions speaksifPlicit in what the science has already achieved. Astro-
the power of spectroscopic observation. physics is a young science, however, and is still, to some
The structural lines of evidence remain the simplest &tent, in a position of choosing its route; it is very much
understand. The many arguments concerning solar collag@e?e desired that presenffert should be so directed that
density, dimension, shape, appearance, and extent, auk sifi€ chosen path may lead in a permanently productive direc-
taneously straightforward and disarming. tion. The d|r¢ctlon in which progress lies will depend on the
Perhaps the most intriguing lines of evidence are dynarm@tenal available, on the development of theory, _and on the
manifestations of solar activity. Surface activity, thling trend of thought ... The future progress of theory is a harder
action of the Sun, and the orthogonal arrangement of its pYbPiect for prediction, than the future progress of observa
tospherigcoronal flows leave no opportunity for a gaseod©n- But one thing is certain: observation must make the
Sun. The existence of a solar dynamo, with its requiremd@y for theory, and only if it does can the science have its
for the interplay between conductors and insulatoffiers no 9reatest productivity ... There is hope that the high premis
more. Coronal rain and loops, along with spicular velositi@f astrophysics may be brought to fruitionCecilia Payne-
and splashdown events, require the presence of conderfa@g0schkin [407, p. 199-201].
matter. Slow and fast solar winds point to an object con-
stantly striving to expel material, emphasizing the dyramficknowledgment

aspects of a condensed Sun. The Swedish 1-m Solar Telescope science team is recognized
Few sciences are more tied to condensed matter than sgisrigs. 3, 7, and 9. The SST is operated on the island of La
mology. The Sun with its oscillations, mass displacemenigyima py the Institute for Solar Physics of the Royal Swedish
shape, internal layers (convection zone, tachocline, ar8£ Academy of Sciences in the Spanish Observatorio del Roque
and atmospheric waves, has highlighted that it belongsan . |5 Muchachos of the Instituto de Astrofisica de Casaria
company of SOI.'dS and Ilqmds_ . NASA/SDO and the AIA science team acquired the data
Elemental lines of evidence call for a complete rev's'(%ﬂsplayed in Fig. 11. NAS/SOHO and the EIT, CDS, and

of scientific thought relative to how the Sun derives its eRIDI science teams. were responsible for Figs. 15, 20, 22
ergy. First generation stars must join the company of ot 26. The Big Bear Solar Observatory is recognized for
untenable theories, as an unchained Sun is finally permitg? 24+

to synthesize all of th? elemen_ts. L Luc Robitaille is acknowledged for the preparation of all
The sole earthly line of evidence was climatic. In ages er figures

past, the Earth was molten. The Sun must have been mucﬁ!'l '

more luminous than it is today, leading to the conclusiot tha «agency URLs — httpwww.ist.astro.su.se; httgisdo.gsfc.nasa.gov:

it was born as an O-class star. Its temporal variations acrbp;/sohowww.nascom.nasa.gov; htteww.bbso.njit.edu.
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