Volume 3 PROGRESS IN PHYSICS July, 2013

LETTERS TO PROGRESS IN PHYSICS

TheLiquid Metallic Hydrogen M odel of the Sun and the Solar Atmospherell.
Continuous Emission and Condensed M atter Within the Corona

Pierre-Marie Robitaille

Department of Radiology, The Ohio State University, 395 2thlAve, Columbus, Ohio 43210, USA.
robitaille.1@osu.edu

The K-corona, a significant portion of the solar atmosphdisplays a continuous spec-
trum which closely parallels photospheric emission, thougthout the presence of
overlying Fraunhofer lines. The E-corona exists in the saegéon and is character-
ized by weak emission lines from highly ionized atoms. Fetance, the famous green
emission line from coronium (FeXIV) is part of the E-coron&he F-corona exists
beyond the KE-corona and, like the photospheric spectrum, is chaiiaetéby Fraun-
hofer lines. The F-corona represents photospheric ligittesed by dust particles in the
interplanetary medium. Within the gaseous models of the 8ienK-corona is viewed
as photospheric radiation which has been scattered byvistit electrons. This scat-
tering is thought to broaden the Fraunhofer lines of thersspactrum such that they
can no longer be detected in the K-corona. Thus, the gaseodslsnof the Sun ac-
count for the appearance of the K-corona by distorting mpiteric light, since they
are unable to have recourse to condensed matter to directtjupe such radiation.
Conversely, it is now advanced that the continuous emissidhe K-corona and as-
sociated emission lines from the E-corona must be intexdras manifestations of the
same phenomenon: condensed matter exists in the coroaavetiiknown that the Sun
expels large amounts of material from its surface in the fofftares and coronal mass
ejections. Given a liquid metallic hydrogen model of the Stifs logical to assume
that such matter, which exists in the condensed state orothesirface, continues to
manifest its nature once expelled into the corona. Theeethie continuous spectrum
of the K-corona provides the twenty-seventh line of evidetiat the Sun is composed
of condensed matter.

In order to explain the occurrence of the dark lines

in the solar spectrum, we must assume that the solar
atmosphere incloses a luminous nucleus, producing
a continuous spectrum, the brightness of which ex-

the incandescent vapor of iror{3, p. 199]. Eventually, John
Evershed provided additional photographic evidence tiet t
corona displayed a continuous spectrum without Fraunhofer

ceeds a certain limit. The most probable supposi- lines and_ he established the wavelen_g_th of Harkness’ K1474
tion which can be made respecting the Sun’s consti- coronal line at 5303.3 A [4]. In addition, Evershed would
tution is, that it consists of a solid or liquid nucleus, document the presence of two other coronal spectral lines
heated to a temperature of the brightest whiteness, [2—-4]. Today, the gaseous models of the Sun do not support
surrounded by an atmosphere of somewhat lower the idea that the corona of the Sun is self-luminous. Rather,
temperature. it is currently believed that the continuous coronal speutr

Gustav Robert Kirchh®, 1862 [1] arises from the scattering of photospheric light by relativ
tic electrons in the outer solar atmosphere. In this work,
Providence has made of the pastoral State of lowa oneHafrkness’ conclusion will be re-evaluated, with the inteht
the most important locations in the history of solar physiademonstrating that the K-corona is indeed self-luminoss, a
From primitive observatories in Des Moines and Burlingtdirst postulated in 1869 [3, p. 196—205].
respectively, William Harkness and Charles Young mondore To begin understanding the corona, it is important to prop-
the total eclipse of August 7, 1869 [2, 3], an event whicht stérly classify the spectra which it produces. It was the spec-
has the power to redefine our understanding of the coronatrum of the inner corona, or K-corona, which was measured
From the heart of lowa, William Harkne$ebtained a long ago by Harkness, Young, and Evershed [2—4] and which
coronal spectrum that was continuous except for a sindias been the subject of several classic reports [5-10]. For
bright green line, later known as the coronal line K1474hearly one hundred years, the inner coronal spectrum was
on the Kirchhdr scale [3, p.199]. Harkness concluded th&nown to be polarized [6, 10]. According to Bernard Lyot,
the corona wasa highly rarefied self-luminous atmospherehis polarization did not extend beyord6’ from the limb,
surrounding the Sun, and, perhaps, principally composedintreased rapidly as observations were made towards the Sun
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and remained constant within 3’ of the solar surface [6]. duction of the photospheric continuum and does not change
Textbooks now state that the polarized K-corona can exteralor with height”[9]. Yet, Grotrian’s [5] and Ludenddi’s
to distances approaching 10 solar radiil60) [12, p. 187]. discovery (see [9]) théthe color of the corona is the same as
As Gustav Kirchhéf understood [1], Fraunhofer lines ar¢hat of the Sun'was not completely supported by Allen [8].
produced when light is absorbed by gaseous atoms locdtethct, Athay [9] was misquoting Allen [8]. The latter actu-
above the level of the solar surface where the continuous pally found that'microphotograms for solar distances varying
tospheric spectrum is emitted. The absorption of light ypm R=1.2s to R-2.6s show that the coronal radiation red-
these atoms superimposes dark lines onto the thermal sgiens slightly as the distance from the Sun is increagggl”
trum of the Sun. As a result, the photospheric spectrum is Allen’s measurements had extended farther above the pho-
ways characterized by the presence of Fraunhofer lines: Cmsphere than those of Crotrian and Ludetijdrelping to
versely, these dark lines are absent in the continuous spe@lain why his predecessors had not reported reddening [8,
trum of the inner corona [13—15]. This was certainly the fing- 140].
ing which convinced William Harkness that the corona was Reddening of the continuous spectrum implied that the
self-luminous [3]. For if the inner corona was simply scattecorona was cooling when one moved away from the solar sur-
ing light produced by the photosphere, the Fraunhofer linflese, as would be expected. The presence of emission lines
should be visible. This is the case in the outer corona, orflem highly ionized atoms in the E-corona appeared to be
corona, where photospheric light is being scattered by dostking the opposite point, the corona seemed to be much
particles contained in the interplanetary medium [13, . 33warmer than the photosphere. This issue will be addressed in
Within the gaseous models of the Sun, the absencedetail in a separate treatment [17]. For the time being, suf-
Fraunhofer lines in the K-corona is explained by scatterifige it to emphasize that the K-corona possesses a continuous
photospheric light with high energy electrons (see e.g, [bectrum which appears to be blackbody in nature and which
p.33] and [16]. The corona in these models has no meaeddens slightly with distance from the solar surface.
of directly generating a continuous spectrum. As a result, In the end, the simplest means of accounting for the con-
gaseous models must assume that the continuous compotirmbus emission observed in the K-corona, the absence of
of coronal emission originates at the level of the photospheoverlying Fraunhofer lines, and the presence of sharp emis-
Coronal electrons must then be used to broaden the Frasion lines in this same region of the solar atmosphere, is to
hofer lines, making them disappear from the spectrum moimvoke a condensed matter model of the Sun [18-20]. In
tored in the K-corona [13-16]. 1869, William Harkness had concluded that the corona was
Oddly, while the gaseous models invoke electron bassalf-luminous, precisely as expected should this layesgss
scattering of Fraunhofer lines, causing them to disappeacondensed matter.
the K-corona, scattering by dust particles preserves tiesli  In this regard, when the Sun is active, it is known to expel
of the F-corona. The situation is further complicated beeatenormous amounts of material into its corona in the form of
the K-corona is in the same physical space as the E-cordtaags and coronal mass ejections. Within the liquid metal-
which is producing emission lines, including the coron@tli lic hydrogen model of the Sun [18-20], the presence of con-
at 5303.3 A [13-16]. The Fraunhofer lines are being broadensed matter within the corona and the existence of an asso-
ened by electrons in the K-corona, but emission lines frasiated continuous spectrum presents littiidulty, as metal-
the same region of the solar atmosphere, namely in theliE-hydrogen has already been hypothesized to be metastable
corona, remain visible and sharp. Presumably, this ocairs (see [17] for a detailed discussion). As a result, once con-
cause only a small fraction of the photospheric light is beinlensed metallic hydrogen has been produced in the solar in-
scattered. By analogy, only a small fraction of the E-corotexior, it is expected that it could retain its condensedesta
should be scattered. Hence, it would not be expected thatuheer the lower pressures in the corona.
emission lines from the E-corona would be&ted in a no- The presence of condensed matter in the K-corona imme-
ticeable manner. diately accounts for the existence of a continuous spectrum
The corona is so tenuous, its emission~5—100 mil- from this region of the solar atmosphere.
lion times less intense than that of the photosphere [13,15] At the same time, the Fraunhofer lines are not visible be-
Still, the continuous nature of its emission, and the absemause insfiicient levels of gaseous atoms are present in the
of Fraunhofer lines in the inner corona has been well dod(~corona to significantly absorb coronal radiation. There-
mented [2-10]. fore, scattering by relativistic electrons does not neeldeo
Speaking of the continuous coronal spectrum, Athay iatoked to account for the presence of a continuous spectrum
al. would comment thatlt is well known (Grotrian 1931; in the K-corona devoid of Fraunhofer lines. Conversely, the
Allen 1946) that the coronal continuum is essentially a oeprF-corona is indeed produced by the scattering of photogpher
“When visualized from the Earth, the solar diameter cornedpdo light by dust particles I.n interplanetary space.
~32 or ~1920" [11]. One arc-second,’}, corresponds ta-700 km on As such, the continuous spectrum of the K-corona can
the Sun [12, p. 123]. be said to represent the twenty-seventh line of evidende tha
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the Sun is condensed matter and the seventh Planckian proofRobitaille P.M. Liquid metallic hydrogen II: A criticaissessment of

(see [21,22] and references therein for the others). current and primordial helium levels in SuRrogr. Phys, 2013, v. 2,
35-47.
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