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Molecular hydrogen and hydrides have recently been addaasevital agents in the
generation of emission spectra in the chromosphere. Tlasrésult of the role they
play in the formation of condensed hydrogen structures (Gtithin the chromosphere
(P.M. Robitaille. The Liquid Metallic Hydrogen Model of ti&un and the Solar Atmo-
sphere IV. On the Nature of the Chromosphd?eogr. Phys, 2013, v. 3, 15-21). Next
to hydrogen, helium is perhaps the most intriguing compbimethis region of the Sun.
Much like other elements, which combine with hydrogen todpiee hydrides, helium
can form the well-known helium hydride molecular ion, Heldnd the excited neutral
helium hydride molecule, HeHWhile HeH' is hypothesized to be a key cosmological
molecule, its possible presence in the Sun, and that of dgeskneutral counterpart,
has not been considered. Still, these hydrides are likepfap a role in the synthesis
of CHS, as the Hel and He Il emission lines strongly suggesthis regard, the study
of helium emission spectra can provide insight into the emsdd nature of the Sun,
especially when considering the 10830 A line associatel thig 2P—23S triplet state
transition. This line is strong in solar prominences andlmaseen clearly on the disk.
The excessive population of helium triplet states cannadszjuately explained using
the gaseous models, since these states should be depdptatellisional processes.
Conversely, when He-based molecules are used to build CE$qnid metallic hydro-
gen model, an ever increasing population of tA8 and 2P states might be expected.
The overpopulation of these triplet states leads to thelosimn that these emission
lines are unlikely to be produced through random collisiamrgohoton excitation, as
required by the gaseous models. This provides a significamtién for these models.
Thus, the strong®P— 23S lines and the overpopulation of the helium triplet states p
vides the thirty-second line of evidence that the Sun is a@egd 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-
ceeds a certain limit. The most probable supposi-
tion which can be made respecting the Sun'’s consti-
tution is, that it consists of a solid or liquid nucleus,
heated to a temperature of the brightest whiteness,
surrounded by an atmosphere of somewhat lower
temperature.

Gustav Robert Kirchh, 1862 [1]

cosmology (see [7] for detailed discussion). As such, any at
tempt to alter accepted helium levels within the Sun hastgrea
implications throughout astrophysics.

Recently, the author has reviewed the determination of so-
lar helium abundances and reached the conclusion that these
levels are likely to have been overstated [7]. The most pru-
dent outlook remains that the Sun, like the visible universe
is composed primarily of hydrogen, as first outlined by Ce-
cilia Payne [8]. In this regard, Robitaille and Robitaillavie
highlighted that the solar body is apt to be excluding helium
from its interior [9]. It is well-known that this element che
expelled from the Sun during periods of elevated solar activ
ity with widely varying quantities observed in the assosiht

Estimates of solar helium abundances have varied wideblar wind [10-14]. As a result, it is unlikely that the Sun
over the years. For instanc@l fferent methods and gierent is harboring much helium [7,9]. Significant levels of helium
data sets give values ranging from%Qo 4 of the Sun’s above the photosphere merely represent eons of helium syn-
mass”[2, p. 381]. ‘Primordial’ helium levels strongly guidethesis in a hydrogen based Sun. It can be hypothesized that
all solar helium abundance determinations, as the amounsioice helium cannot re-enter the Sun once expelled, it glowl
helium in the stars is said to be closely correlated with teecumulates as a gas within the chromospheric region.
synthesis of this element soon after the Big Bang [3-6]. He- In his classic textbooKAstrophysics of the Sun™arold
lium abundances currently act as one of the “Great Pillafs” dirin emphasized that the helium D3 line can be enhanced
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more than 20 fold, as viewing moves from the center of theHeH* + CHS —— CHS-H-He** —— CHS-H + He**
solar disk to just beyond the limb, displayiteysharp spike”
[15, p. 199-200]. He outlined that this emissi@omes from 3\ /(

a low thin layer” [15, p.198]. Similarly, Zirin states that i He, He* hv
the triplet He | transition at 108304 is barely visible on the - Y ot el
disk, but almost as strong asiHt the limb [15, p. 199-200]. He singlet

Moreover, he adds that th640 line is known to increase in emission He*

intensity at least fifteen times near the limb, while linesnfr
neutral helium are enhanced 50 fold [15, p. 199-200]. Sinct
helium emission peaks at1200 km above the photosphere,
these findings strongly suggest that the element is floating i
a cloud lying several hundred kilometers above the surfaceHeH* + CHS —— CHS-H-He** —— CHS-H + He**

although He remains sparse over coronal holes [15, p. 198].
At the same time, though relatively faint, helium lines are \
present in the spicules [16]. Since chromospheric strastur H o

like spicules, have been hypothesized to be the site of hy He* Hel triplet

drogen condensation in the solar atmosphere, it is impbrtar. (ortho) emission

to understand why helium emission lines are associated with

such objects. Fig. 1: Schematic representation of possible pathwayslado

Based on the chemiluminescence observed when sily&fn the helium hydride ion, Hekior the excited helium hydride

clusters condense [17], the author has recently stated (gﬁgltecule, HeH, react with condensed hydrogen structures, CHS, in
&

. . AU e chromosphere of the Sun. The pathways presented camnacco
all emission lines originating in t.he flash_spect_rum aré a Gk ail emission lines observed from Hel and Hell. Note insthi
rect consequence of condensation in this region of the Qi Reme that excited helium, Hés being produced initially through
[18]. By necessity, these exothermic condensation re@etighe interaction of Hek with CHS. This excited helium, Heif it
involve the ejection of an excited atomic species from thgsumes the triplet state (orthohelium — electrons in theesari-
condensate which can then relax back to a lower energy lestghtion: spin ufup or dowridown), will then become trapped in
through the emission of a photon. For instance, the CaHé excited state. This triplet helium can then be used tedba
emission, which is so typical of the chromospheric spectruit cyclic fashion, to condense hydrogen atoms onto chrofersp
has been hypothesized to involve the reaction of CaH anégtiictures, CHS (as shown in the lower half of the figure) eila-
condensed hydrogen structure, CHS [18], to create an axcligely, if gxcited helium Heé i.s iniltially prgduceq in the.singlet state
complex, CHS+ CaH — CHS—HC4. This step is then fol- (pa_rahellum — electl_rons in ferent onenFatlon: spin ygown),
lowed by the exothermic expulsion of an excited Call joig 1ssion can immediately occur generating the singleslinem

. . He . This scheme accounts for the strong triplet He | tréomsiat
| _ yH*
CHS-HCa- CHS-H+ Ca™, and later by line emission fromlOSSOA observed in the flash spectrum of the chromosphere. Un

* i+ v Ho. H H
Call’, Ca* — Ca" + hy. Similar reactions have been Mike the situation in the gas models, random collisional botpn

voked for all the hydrides present on the Sun [18]. The mQgkitations are not invoked to excite the helium atoms. Assait,
significant of these take place using molecular hydrogeh, afe-excitation processes would also be absent, helpingstarenthe
this explains the prevalence of strong emission lines fim tbuildup of triplet state orthohelium in this model.

element in the chromosphere. In order to account for the He |

and He Il emission lines associated with the flash spectrum, a

directly analogous scenario must be invoked, which thig ti¥ithout the concerted transfer of an electron.

requires a helium hydride molecular species. In the chromosphere, the interaction between the helium
Many charged molecular ions of helium have been stuavdride ion, HeH, and condensed hydrogen structures, CHS

ied. The most famous, helium hydride, HgHs ubiquitous [18], could lead to an array of reactions as outlined in Fig. 1

in discharges containing hydrogen and heliufl®]. This The simple combination of HeHand CHS could form an

molecular cation was first discovered experimentally ingL92ctivated complex: CH$ HeH" — CHS-H-He". Exother-

by Hogness and Lunn [20]. It has been the focus of extensiué expulsion of an excited helium ion, He could follow

spectroscopic studies [21, 22] and also postulated to plawith full transfer of a proton and an electron to the conddnse

key role in chemical astrophysics [23-25]. Wolfgang Ké¢terhydrogen structure: CHS-HFe— CHS-H+ He™. The

(Nobel Prize, Physics, 2001) was the first to obtain its sp&esulting Hé* would be able to relax back to a lower energy

troscopic lines [26,27]. The molecule has a bond distargtate through emission, He— He" + hv, leading to the well

of 0.77A and a dissociation energy o#4.6 kcal mot! [19]. known He Il lines in the chromosphere (see Fig. 1).

Although it exists only in the gas phase, its Brgnsted agcidit Alternatively, when HeH reacts with CHS, it could lead

should be extremely powerful. As a result, the hydrogen hwitially to the same condensation adduct, CHS—H=tbut

dride cation should have a strong tendency to donate a protbis time, exothermic expulsion of an excited helium atom
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could follow (see Fig. 1). Since HeHshould be a strong 2°P—23S transition is associated with the strong triplet He |
Brgnsted acid, the transfer of a proton to the CHS could octine at 10830 A observed in the prominences and on the disk
without electron transfer: CHS—-HKe— CHS-H" + He*. of the Sun [30, p.95]. Alternatively, a®B—23S transition
This leads to several phenomena. produces the triplet Hel line at 3890 A [30, p. 95].

First, the relaxation of an excited helium atom, does not As illustrated in Fig. 1, once the doubly excited helium
involve the same processes which occur in the helium i@iom has partially relaxed to regenerate orthohelium, it ca
This is because the He possesses only a single electromeact once again with atomic hydrogen, leading to the re-
As such, the electron in He can simply relax back downnewed synthesis of excited helium hydride, HelA cyclic
to any lower energy level, including the ground state, gjvipathway has been created, wherein triplet hydrogen is pre-
the well-known He Il lines on the Sun. served and continuously working to assist in the resynshesi

Conversely, because an excited helium atom contains twfaccondensed hydrogen structures, as the Sun recaptures any
electrons, the possible fate of this species is more compliomic hydrogen lost to its atmosphere.
cated. Since one of the electrons has not been excited, it redmportantly, the entire process is being ‘primed’ through
mains in the lowest energy state, with a given spin, either U use of a single HeHmolecular ion and the intial trans-
or down. The excited electron is only allowed by selectidar of a single proton to the CHS. This feature is noteworthy,
rules to return to the ground state, if and only if, its spin &nce true condensation requires the transfer of elecands
opposed to that of the ground state electron. protons to the chromospheric structures. In this regael, th

If the ground state electron is ‘spin down’, then the egeneration of Call emission lines from analogous condensa-
cited electron can make the transition back to the ground stiéons of calcium hydride, involves the transfer of two elec-
if it is ‘spin up’. Helium in this case is known gsarahelium trons per hydrogen atom [18]. Such parallel reactions could
(or singlet helium), emphasizing that its two electronsehalielp to ensure that overall charge balance in the building of
spins with opposite orientation. The singlet*Heould sim- condensed hydrogen structures can be maintained.
ply relax back to the ground state, given rise to the emission In the end, this approach holds many advantages over the
lines from the neutral atom, He |, He> He + hv. Likewise, random processes invoked by the gaseous models of the Sun
if the ground state electron is ‘spin up’, the excited eleatrin order to account for line emission in the chromosphere.
must be ‘spin down’ to enable the transition,*He> He + All line emission in the chromosphere become directly asso-
hv, again producing the identical He | lines from singlet statéated with ordered reactions, whose product, CHS, aré vita
parahelium. to preserving the solar mass. The Sun does not simply eject

However, if the two electrons of Méave the same spinhydrogen into its atmosphere, without any hope of regaining
(both up or both down), then the excited electron cannot tBese atoms. Rather, in the chromosphere, hydrogen atoms
lax back to the ground state. It rematrappedin the excited are constantly being recaptured through hydride based reac
state. Helium in this case is known aghohelium(or triplet tions. The triplet state of orthohelium, so strongly mastiéel
state helium), emphasizing that its two electrons havesspirithin prominences and in the chromospheric emission spec-
with the same orientation. It is the reactions of orthohaliutrum, becomes not an incidental artifact, but rather, a nec-
which are of particular interest in this work, as their esigte essary and direct manifestation that organized chemieal re
is elegantly accounted for through the condensation ofdwydactions are taking place within the chromosphere. As such,
gen [18], as described below. the existence of this abundant orthohelium and the strong

Since orthohelium is trapped in the excited triplet state gmission lines which it produces can be said to constitie th
has an opportunity to once again react with hydrogen, as didrty-second line of evidence that the Sun is comprised of
played in the lower portion of Fig. 1. Wolfgang Ketterle hagondensed matter.
demonstrated that excited helium hydride also exists [@8, 2
Therefore, given a lack of relaxation, triplet Hmould capture
a hydrogen atom, forming neutral excited helium hydrideuc Robitaille is acknowledged for figure preparation.

He' + H — HeH'. This species could once again react with

CHS [18], but this time forming a doubly activated complexedication

CHS + HeH" — CHS-H-He". The net transfer of a hydro-pedicated to the poor, who sleep, nearly forgotten, under th
gen atom in this case leads to release from the CHS of dould¥t of the Southern Cross.

excited heliunt. When this occurs, the Fieatom is now able

to relax, as the excited electron which is now in the 2p or 3s
orbital, undergoes a transition down to the 2s orbital. The

“We can assume that the ground state electron remains sigtidout References
that the initially excited electron has now been transtétcean even higher 1. Kirchhdf G. The physical constitution of the Sun. IResearches on
atomic orbital. Alternatively, both electrons could be itedt, but this case the Solar Spectrum and the Spectra of the Chemical Elemerass-
will not be considered. lated by H.E. Roscoe, Macmillan and Co., Cambridge, 18623 p.
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