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ABSTRACT

Classical physical laws predict that atomic hydrogen may undergo a catalytic reaction
with certain species, including itself, that can accept energy in integer multiples of the potential
energy of atomic hydrogen, m - 27.2 eV, wherein m is an integer. The predicted reaction
involves a resonant, nonradiative energy transfer from otherwise stable atomic hydrogen to the
catalyst capable of accepting the energy. The product is H(1/p), fractional Rydberg states of
atomic hydrogen called “hydrino atoms,” wherein n = 1/2, 1/3, 1/4,..., 1/p (p<137 is an integer)
replaces the well-known parameter n = integer in the Rydberg equation for hydrogen excited
states. Each hydrino state also comprises an electron, a proton, and a photon, but the field
contribution from the photon increases the binding rather than decreasing it corresponding to
energy desorption rather than absorption. Since the potential energy of atomic hydrogen is
27.2 eV, two H atoms formed from H, by collision with a third, hot H can act as a catalyst for
this third H by accepting 2 - 27.2 eV from it. By the same mechanism, the collision of two hot
H, provide 3H to serve as a catalyst of 3 - 27.2 eV for the fourth. Following the energy transfer
to the catalyst an intermediate is formed having the radius of the H atom and a central field of 3
and 4 times the central field of a proton, respectively, due to the contribution of the photon of
each intermediate. The radius is predicted to decrease as the electron undergoes radial
acceleration to a stable state having a radius that is 1/3 (m =2) or 1/4 (m = 3) the radius of the
uncatalyzed hydrogen atom with the further release of 54.4eV and 122.4eV of energy,
respectively. This energy emitted as a characteristic EUV continuum with a cutoff at 22.8 nm
and 10.1 nm, respectively, was observed from pulsed hydrogen discharges. The continua spectra



directly and indirectly match significant celestial observations.
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I. Introduction
J. R. Rydberg showed that all of the spectral lines of atomic hydrogen were given by a

complete empirical relationship:

v= R[iz—%} (1)
ng n

where R=109,677 cm™, n, =1,2,3,..., n.=2,3,4,... and n, >n.. Bohr, Schrédinger, and

Heisenberg, each developed a theory for atomic hydrogen that gave the energy levels in

agreement with Rydberg’s equation.
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where e is the elementary charge, &, is the permittivity of vacuum, and a,, is the radius of the

hydrogen atom. Classical laws predict a reaction involving a resonant, nonradiative energy
transfer from otherwise stable atomic hydrogen to a catalyst capable of accepting the energy to
form hydrogen in lower-energy states than previously thought possible. The excited energy
states of atomic hydrogen are given by Eq. (2a) for n>1 in Eq. (2b). The n=1 state is the
“ground” state for “pure” photon transitions (i.e. the n =1 state can absorb a photon and go to an
excited electronic state, but it cannot release a photon and go to a lower-energy electronic state).
However, an electron transition from the ground state to a lower-energy state may be possible by
a resonant nonradiative energy transfer such as multipole coupling or a resonant collision
mechanism.

The theory reported previously [1-13] predicts that atomic hydrogen may undergo a
catalytic reaction with certain atoms, excimers, ions, and diatomic hydrides such as He", 2H,
Ar’ Sr’, Li, K, Cs, and NaH, which provide a reaction with a net enthalpy of an integer multiple

of the potential energy of atomic hydrogen, E, =27.2 eV, where E, is one Hartree. Specific

species identifiable on the basis of their known electron energy levels are required to be present
with atomic hydrogen to catalyze the process. The reaction involves a nonradiative energy

transfer followed by continuum emission or energy transfer to H to form extraordinarily hot,



excited-state H [14-27] and a hydrogen atom that is lower in energy than unreacted atomic
hydrogen that corresponds to a fractional principal quantum number given by

111 1

n=1-—,=-,—,..,—; <137 is an integer 2C
233" p g (2c)

in Eg. (1). The n=1 state of hydrogen and the n= states of hydrogen are nonradiative,

integer

but a transition between two nonradiative states, say n=1 to n=1/2, is possible via a
nonradiative energy transfer. Thus, a catalyst provides a net positive enthalpy of reaction of
m-27.2 eV (i.e. it resonantly accepts the nonradiative energy transfer from hydrogen atoms and
releases the energy to the surroundings to affect electronic transitions to fractional quantum
energy levels). As a consequence of the nonradiative energy transfer, the hydrogen atom
becomes unstable and emits further energy until it achieves a lower-energy nonradiative state

having a principal energy level given by Egs. (2a) and (2c). Each hydrino state H(l/ p) also

comprises an electron, a proton, and a photon, but the field contribution from the photon
increases the binding rather than decreasing it corresponding to energy desorption rather than
absorption. The classical solutions of excited states and hydrino states are given in Ref. [1].

The data from a broad spectrum of investigational techniques strongly and consistently
support the existence of these states called hydrino, for “small hydrogen,” and the corresponding
diatomic molecules called molecular hydrino. Some of these prior related studies supporting the
possibility of a novel reaction of atomic hydrogen, which produces hydrogen in fractional
quantum states that are at lower energies than the traditional “ground” (n =1) state, include
extreme ultraviolet (EUV) spectroscopy, characteristic emission from catalysts and the hydride
ion products, lower-energy hydrogen emission, chemically-formed plasmas, Balmer « line
broadening, including in microwave plasmas with no electric field, population inversion of H
lines, elevated electron temperature, anomalous plasma afterglow duration, power generation,
and analysis of novel chemical compounds [14-46].

We recently reported the results on the He™ and 2H catalyst systems, each providing a net
enthalpy of reaction of 54.4 eV which is equivalent to 2 - 27.2 eV [14]. The energy transfer to
He" was predicted to pump the He" ion energy levels and increase the electron excitation
temperature of H in helium-hydrogen and hydrogen plasmas, respectively. Following the energy

transfer to the catalyst, the radius of the H atom is predicted to decrease as the electron



undergoes radial acceleration to a stable state having a radius that is 1/3 the radius of the
uncatalyzed hydrogen atom with the further release of 54.4 eV of energy. This energy may be
emitted as a characteristic EUV continuum with a cutoff at 22.8 nm and extending to longer
wavelengths, or as third-body kinetic energy, wherein a resonant kinetic-energy transfer to form

fast H occurs. Subsequent excitation of these fast H (n :1) atoms by collisions with the
background species followed by emission of the corresponding H (n = 3) fast atoms is predicted
to give rise to broadened Balmer « emission. The product H(1/3) reacts rapidly to form

H(1/4), then molecular hydrino, H,(1/4), as a preferred state. EUV spectroscopy and high-

resolution visible spectroscopy were recorded on microwave and glow and pulsed discharges of
helium with hydrogen and hydrogen alone. Pumping of the He™ ion lines occurred with the
addition of hydrogen, and the excitation temperature of hydrogen plasmas under certain
conditions was very high. Furthermore, for both plasmas providing catalysts He* and 2H,
respectively, the EUV continuum and extraordinary (>50 eV) Balmer « line broadening were
observed.

Gases from the pulsed-plasma cells showing continuum radiation were collected and

dissolved in CDCls. Molecular hydrino H, (1/4) was observed by solution NMR at the

predicted chemical shift of 1.25 ppm on these, as well as gases collected from multiple plasma
sources including helium-hydrogen, water-vapor-assisted hydrogen, hydrogen, and so-called rt-
plasmas involving an incandescently heated mixture of strontium, argon, and hydrogen [14].

These results are in good agreement with prior results on synthetic reactions to form hydrino

compounds comprising hydrinos. The *H MAS NMR value of 1.13 ppm observed for H,(1/4)

in solid NaH* F corresponded to the solution value of 1.2 ppm and that of gases from plasma
cells having a catalyst. The corresponding hydrino hydride ion H™(1/4) was observed from
solid compounds at the predicted shift of —3.86 ppm in solution NMR and its ionization energy
was confirmed at the predicted energy of 11 eV by X-ray photoelectron spectroscopy [15, 16, 42,
44-46].

The basis of each signature can be understood from a more detailed understanding of the
mechanism of the hydrino transition. Hydrogen is a special case of the stable states given by
Egs. (2a) and (2c), wherein the corresponding radius of the hydrogen or hydrino atom is given by



r=2 )
p

where p=1,2,3,.... Inorder to conserve energy, energy must be transferred from the hydrogen

atom to the catalyst in units of

m-27.2eV, m=123/4,... (4)
and the radius transitions to %, . Thus, the general reaction is given by
m+p
m-27.2 eV +Cat™ + H {a—H} — Cat"""" yre” + H{ s }[(m +p)° - p°1-13.6 eV (5)
P (m+p)
Cat'"""" +re” - Cat™ +m-27.2 eV (6)
And, the overall reaction is
aH aH 2 2
H|:—j|—>H|: }+[(m+ p) —p°]-13.6 eV (7)
p (m+p)

q and r are integers.
As given in Chp. 5 of Ref [1], and Refs. [14, 15, 38], hydrogen atoms
H (1/ p) p=12,3,..137 can undergo transitions to lower-energy states given by Egs. (2a) and

(2c), wherein the transition of one atom is catalyzed by a second that resonantly and

nonradiatively accepts m-27.2 eV with a concomitant opposite change in its potential energy.

The overall general equation for the transition of H(1/ p) to H (1/(m+ p)) induced by a
resonance transfer of m-27.2 eV to H(1/ p') is represented by
H(1/ p')+H(1/ p) > H+H(1/(m+ p))+[ 2pm+m* - p?+1]-13.6 eV (8)

Thus, hydrogen atoms may serve as a catalyst wherein m=1 and m =2 for one and two atoms,
respectively, acting as a catalyst for another. The rate for the two-atom-catalyst case would be
appreciable only when the H density is high. But, a three-body H interaction is easily achieved
when two H atoms arise with the collision of a hot H with H,. This event can commonly occur
in plasmas having a large population of extraordinarily fast H as reported previously [14-26].
This is evidenced by the unusual intensity of atomic H emission. In such cases, energy transfer
can occur from a hydrogen atom to two others within sufficient proximity, being typically a few

angstroms [Chp 6 of Ref. 1]. Then, the reaction between three hydrogen atoms, whereby two



atoms resonantly and nonradiatively accept 54.4 eV from the third hydrogen atom such that 2H

serves as the catalyst, is given by

54.4 eV +2H+H —>2H?ast+2e‘+H*{a?H}+54.4 eV 9)
H*[a—H} N H[a—H}+54.4 eV (10)
3 3
2H' _ +2¢" —>2H +54.4 eV (11)
And, the overall reaction is
H— H[%‘}L[SZ _12]-136eV. (12)

H*[%} has the radius of the hydrogen atom (corresponding to the 1 in the denominator) and
+

a central field equivalent to 3 times that of a proton, and H [a?”} is the corresponding stable state
with the radius of 1/3 that of H. As the electron undergoes radial acceleration from the radius of
the hydrogen atom to a radius of 1/3 this distance, energy is released as characteristic light
emission or as third-body kinetic energy. The emission may be in the form of an extreme-
ultraviolet continuum radiation having an edge at 54.4 eV (22.8 nm) and extending to longer

wavelengths. Alternatively, H is the lightest atom; thus, it is the most probable fast species in

collisional energy exchange from the H intermediate (e.g. H*{%}). Additionally, H is
+

unique with regard to the energetic transition state intermediate (generally represented by

H *[ &, }) in that all these species are energy states of hydrogen with corresponding harmonic
m+p

frequencies. Thus, the cross section for H excitation by a nonradiative energy transfer to form
fast H is predicted to be large since it is a resonant process. Efficient energy transfer can occur
by common through-space mechanisms such as dipole-dipole interactions as described by

Forster’s theory [Chp. 6, Ref.1]. Consequently, in addition to radiation, a resonant kinetic-

energy transfer to form fast H may occur. Subsequent excitation of these fast H(n=1) atoms by

collisions with the background H, followed by emission of the corresponding H (n =3) fast



atoms gives rise to broadened Balmer « emission. Extraordinary (>100 eV) Balmer « line
broadening is observed consistent with predictions [14-26]. Indeed, the EUV continuum
radiation, pumping of H excited states, and fast H were observed with hydrogen plasmas wherein
2H served as the catalyst [14]. Thus, the predictions corresponding to transitions of atomic

hydrogen to form hydrinos was experimentally confirmed.

The predicted product 2H (Egs. (9-12)) catalyst reaction is H (1/3) . In the case of a high
hydrogen atom concentration, the further transition given by Eq. (8) of H (1/3) (p=3)to
H(1/4) (m+ p=4) with H as the catalyst (p'=1; m=1) can be fast:

H(1/3)—”>H (1/4)+95.2 eV (13)
In another H-atom catalyst reaction involving a direct transition to {%‘*} state, two hot

H, molecules collide and dissociate such that three H atoms serve as a catalyst of 3-27.2 eV for
the fourth. Then, the reaction between four hydrogen atoms, whereby three atoms resonantly
and nonradiatively accept 81.6 eV from the fourth hydrogen atom such that 3H serves as the

catalyst, is given by

81.6 eV +3H + H —>3H*fast+39‘+H*{aTH}+81.6 eV (14)
H*[a—H} > H{a—H}lzzA eV (15)
4 4
3H,,+3e —>3H+81.6 eV (16)
And, the overall reaction is
H-> H[%‘}LMZ _1?].13.6 eV (17)

The extreme-ultraviolet continuum radiation band due to the H *{%} intermediate of Eq. (14)
+

is predicted to have short-wavelength cutoff at 122.4 eV (10.1 nm) and extend to longer

wavelengths. In general, the transition of H to H {a—HJ due by the acceptance of
p=m+



m-27.2 eV gives a continuum band with a short-wavelength cutoff and energy E[ [ . D
H-H H
p=m+1

given by
E(H*HL)&,TMD =m’-13.6 eV
i 912 (18)

=

and extending to longer wavelengths than the corresponding cutoff.

In a previous publication, we reported the continuum radiation with a short-wavelength
cutoff of 22.8 nm due to the decay of the intermediate corresponding to the hydrino state H(1/3)
[14]. Molybdenum (Mo) electrodes were used in this study. The vapor pressure of Mo at
T=2400 K is 0.0189 Pa; whereas, the vapor pressure of tungsten (W) and tantalum (Ta) are 1.59
x 10° Paand 5.21 x 10 Pa, respectively, at this temperature [47]. The high metal vapor
pressure with a Mo anode shorts the voltage and decreases the energy of the plasma species. It
was observed that a minimum energy is required to cause the hydrino transitions as shown by the
absence of significant continuum radiation below 10 kV. The plasma was also optically thick in
that no strong metal lines were observed at the short wavelengths (<22 nm). In time-resolved
studies using a channel electron multiplier detector and a multichannel scalar counter, the
continuum emission was only observed during the short pulse; whereas, oxygen ions showed a
long afterglow [48]. For example, the continuum at 25.0 nm had a short lifetime of about 0.5 us
compared to 4 ps lifetime of the O%* ion line at 23.9 nm. Thus, the observation of O ion lines in
the absence of strong metal ion lines or continuum radiation was deemed to be due to the long O
ion excited-state lifetimes relative to those of the continuum radiation or the optically thick,
metal-ion-rich plasma. Since the recording time was orders of magnitude longer than the pulse
time, the long-lived O ion radiation following decay of the attenuation of the optically thick
metal ion plasma contributed disproportionately to the spectral intensity. In this paper, we report
on the observation of an additional continuum band from the decay of the intermediate
corresponding to the hydrino state H(1/4) by using different electrode materials that maintain a

high voltage, optically-thin plasma during the short pulse discharge.



I1. Experimental Method

The experimental setup for recording the EUV spectra of pulsed plasmas using Mo, Ta,
and W electrodes is shown in Fig. 1. EUV spectroscopy was recorded on argon, helium, pure
hydrogen, and noble gas-hydrogen high-voltage pulsed discharge plasmas with a McPherson
grazing incidence EUV spectrometer (Model 248/310G) equipped with a grating having 1200
lines/mm or a grating having 600 lines/mm. The angle of incidence was 87°. The wavelength
region recorded by the monochromator was 10-30 nm (1200 lines/mm grating) or 5-45 nm (600
lines/mm grating). The wavelength resolution was about 0.05 nm (FWHM) with an entrance slit
width of <1 um. In order to avoid saturation of the detector, the EUV light was detected by a
CCD detector (Andor iDus) cooled at —60 °C that replaced the CEM of prior studies [14].

The main discharge cell comprised a hollow anode (3 mm bore) and a hollow cathode (3
mm bore). Electrodes of W and Ta replaced Mo to eliminate metal emission as the source of
continuum radiation and to observe a potentially wider continuum spectral range. The electrodes
were separated by a 3 mm gap. A negative high-voltage DC power supply was used to apply -10
kV or -15 kV between the cathode and anode wherein a bank of ten 5200 pF capacitors were
connected in parallel to this high-voltage source. The -15 kV was applied in repeat runs to
determine any high-energy electron effect on the spectral profile. An electron gun (Clinton
Displays, Part # 2-001), driven by a high-voltage pulse generator (DEI, PVX 4140), provided a
pulsed electron beam with a beam voltage of 1-3 kV and a duration of 0.5 ms. The electron
beam triggered a high-voltage pulsed discharge at a repetition rate of 5 Hz. The CCD detector
was gated synchronously with the e-beam trigger. It had an exposure time of 100 ms for each
pulse discharge comprising a breakdown time of about 300 ns. Each spectrum comprised the
superposition of 500 discharges using the grating having 1200 lines/mm and 1000 discharges
using the grating having 600 lines/mm. The CCD dark count was subtracted from the
accumulated spectrum. Ultra-high purity argon, helium, hydrogen, and noble gas-hydrogen
mixtures were flowed at rates between 1 and 10 sccm and pressures between 100 mTorr and
1300 mTorr controlled by a mass flow controller (MKS). On-line mass spectroscopy and high-
resolution visible spectroscopy using the Jobin Yvon Horiba 1250 M spectrometer [14] ruled out

contaminants in the plasma gasses.

10



I11. Results and Discussion

High purity argon (Fig. 2) and high purity helium (dashed traces of Figs. 3—8) were run as
controls. The expected known argon and helium ion lines were observed in the absence of any
continuum. Oxygen ion lines were also observed similarly in all spectra due to the oxide coat on
the metal electrodes. In contrast, the predicted continua were observed for 2H and 3H as
catalysts. The emission spectra of electron-beam-initiated, high-voltage pulsed discharges in
pure hydrogen recorded by the EUV grazing incidence spectrometer with Mo, W, and Ta
electrodes are shown in Figs. 3-5, respectively. The predicted continua from the transitions

H*[%H} —H {a?“} +54.4¢eV and H *PTH} —->H {%‘*} +122.4 eV were observed with a cutoff

at 22.8 nm and 10.1 nm, respectively, with the intensity increasing to a maximum at longer
wavelengths. Only, the 22.8 nm continuum was observed with Mo electrodes (Fig. 3); whereas,
the 22.8 nm continuum and additionally the 10.1 nm continuum were observed with W and Ta
electrodes (Figs. 4 and 5). Strong metal ion lines were also observed with the Mo electrodes
having the highest metal vapor pressure of the metals tested. Metal absorption of short-
wavelengths and reemission corresponding to an optically thick plasma could also be a
contributing factor to the high intensity metal ion emission.

On-line mass spectroscopy and high-resolution visible spectroscopy confirmed that there
were no gas contaminants. The 22.8 nm continuum was observed for Mo, W, and Ta electrodes,
the 10.1 nm continuum was observed with both the W and Ta electrodes, no continuum was
observed for plasmas absent hydrogen, and the continuum was observed in the noble gasses as
hydrogen was added. Beginning at trace levels, the intensity was proportional to the H
concentration (Fig. 9). Thus, the lines could not be due to electrode metal emission. Evidence of
optical thickness is that no Mo metal lines were observed at short wavelengths (<22 nm) as
shown in Fig. 3. Thus, the cutoff of the shorter-wavelength spectrum with Mo electrodes is
expected, and the extraordinarily low volatility of W and Ta overcomes this limitation to permit
the observation of both continua as shown in Figures 4 and 5. These metals also have a lower
background in the helium controls since they hydride to a much less extent as was evidenced by
the lower hydrogen off gassing following an H, run.

The recording of the spectra was repeated using a 600 lines/mm grating that gave a

higher intensity than the 1200 lines/mm grating. The number of superpositions per spectrum was
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also increased from 500 to 1000. As shown in Fig. 6, the Mo electrode spectrum now showed
both continua, the 10.1 nm in addition to the 22.8 nm. This confirmed that the plasma was
optically thick in the case of Mo electrode. Thus, the optical thickness was overcome with the
600 line/mm grating. This result with those using Ta and W electrodes demonstrated that the
same spectral features were observed with three electrode metals, eliminating any possibility that
the spectra were due to metal emission. The spectra for all three electrodes readily showed the
22.8 nm short-wavelength cutoff, and the W and Ta spectra clearly showed the short-wavelength
cutoff at 10.1 nm upon spectral magnification. As shown in Figs. 7 and 8, the 600 lines/mm
grating clearly showed the 10.1 nm cutoff even on the same intensity scale as the control helium
spectrum showing the strong helium ion lines. The continuum radiation is very intense,
especially considering that the line emission intensity is concentrated into a narrow peak;
whereas, the continuum is over a much larger wavelength range.

These results cannot be explained by conventional mechanisms. lon recombination
known to produce a continuum gives a characteristic “wedge” on a logarithmic plot of intensity
versus wavelength wherein the electron temperature can be determined from the slope. The
intensity for an ion recombination mechanism must be a maximum at the threshold and decrease
exponentially to shorter wavelengths due to conservation of the energy of the recombination and
the electron kinetic energy. In contrast, the profiles predicted for the decay of the intermediates
corresponding to the hydrino states H(1/3) (Eq. (10)) and H(1/4) (Eqg. 15)) have a short-
wavelength cutoff with a maximum at longer wavelengths matching the observed profiles.
Furthermore, the gas showing continua was pure hydrogen that has no recombination threshold
at 22.8 nm or 10.1 nm. In fact, hydrogen has no Rydberg or molecular emission in the EUV
region at all.

Bremsstrahlung was eliminated since Bremsstrahlung radiation has an intensity profile
that exponentially decays from the long to short-wavelength region [49], and energetic electrons
as the source was directly eliminated by the observation that changing the high voltage from -10
kV to -15 kV had no effect on the spectral profile. Additionally, molecules cannot emit in this
energy region and were eliminated from consideration. Only atomic and ionic emission is
possible at these energies corresponding to line emission, and no continuum emission is possible

even for Doppler or Stark broadened lines. From Wien’s displacement law, blackbody radiation

even at 24 nm wavelengths would correspond to a temperature of 1.2 x 10° K , an absolutely
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impossible scenario. Thus, the lines are assigned to predicted ¢-13.6 eV continua with
thresholds at 54.4 eV (q=4) (2H catalyst) and 122.4 eV (q=9) (3H catalyst).

We previously reported a 91.2 nm continuum in an argon plasma with trace hydrogen
where the catalyst reaction Ar* to Ar®* has a net enthalpy of reaction of 27.63 eV, which is
equivalentto m=1 in Eq. (18) [43]. Two hydrogen atoms may react to give the same continuum
band by a reaction similar to those given by Egs. (9)-(12). The reaction whereby one H
resonantly and nonradiatively accepts 27.2 eV from the other hydrogen atom such that it serves

as the catalyst, is given by

27.2 eV+H+H—>H;ast+e‘+H*[a7H}+27.2 eV (19)
H*[a—H} N H[a—”}+13.6 eV (20)
2 2
Hi,+e > H+27.2eV (21)
And, the overall reaction is
H- H[%‘}L[ZZ _12].136 eV 22)

The emission from Eq. (20) may be in the form of an extreme-ultraviolet continuum radiation
having an edge at 13.6 eV (91.2 nm) and extending to longer wavelengths. This band was also
observed in pulsed pure hydrogen plasmas using the normal incidence spectrometer, but
temporal studies are required in order to eliminate the background hydrogen molecular band.
These bands were eliminated previously in the argon plasma with trace hydrogen [14, 43]
wherein H is highly dissociated. Considering the 91.2 nm continuum shown in Figs. 17 and 31
of Ref. [43] and the results shown in Figs. 3-8, hydrogen may emit the series of 10.1 nm, 22.8
nm, and 91.2 nm continua.

Stars also comprise plasmas of hydrogen, and it is anticipated that some may emit these
features. The emission from white dwarfs arising from an extremely high concentration of
hydrogen is modeled as an optically thick blackbody of ~ 50,000 K gas comprising
predominantly hydrogen and helium. A modeled composite spectrum of the full spectral range
from 10 nm to >91.2 nm with an abundance He/H=10" from Barstow and Holberg [50] is shown

in Fig. 10. Albeit, white dwarf spectra can be curve fitted using stratification and adjustable He
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and H column densities and ionization fractions to remove some inconsistencies between optical
and EUV spectra [51] and independent measurements of the latter, matching the spectrum at the
short-wavelengths is problematic. Alternatively, combining the emission shown in Figs. 3-8
with the 91.2 nm continuum, observed previously [43], gives a spectrum with continua having
edges at 10.1 nm, 22.8, nm, and 91.2 nm, a match to the white dwarf spectrum. However, the
proposed nature of the plasmas and the mechanisms are very different. The emission in our
studies is assigned to hydrino transitions in cold gas and optically-thin plasmas absent any
helium. White-dwarf and celestial models may need revision and benefit from our discovery of
high-energy H continua emission.

For example, there is no existing physical model that can couple the temperature and
density conditions in different discrete regions of the outer atmosphere (chromosphere, transition
region, and corona) of coronal/chromospheric sources [50]. Typically the corona is modeled to
be three orders of magnitude hotter than the surface that is the source of coronal heating

seemingly in defiance of the second law of thermodynamics. Reconciliation is offered by the

mechanism of line absorption and re-emission of the m?-13.6 eV (Eq. (18)) continuum
radiation. The 91.2 nm continuum to longer wavelengths is expected to be prominent and is
observed in the solar extreme ultraviolet spectrum as shown in Fig. 11 [52], despite attenuation
by the coronal gas. As shown in Fig. 11, the continuum was greatly reduced in the prominence
and the corona wherein the H concentration was much reduced and absent, respectively. The
emission from chromospheric lines and the continuum was also severely attenuated in the
corona. The strongest lines in the coronal spectrum and to a lesser extent the prominence are
multiply ionized ions such as the doublets of Ne VIII, Mg X, or Si XlI that could be due to
absorption of high-energy continuum radiation rather than thermal excitation. High-energy-
photon excitation is more plausible than a thermal mechanism with T~10° given the 4000 K
surface temperature and the observation of the CO absorption band at 4.7 um in the solar
atmosphere, wherein CO cannot exist above 4000 K [54]. Considering the 10.1 nm band as a
source, the upper limit of coronal temperature based on excitation of about 10° K is an energy
match. In addition to the temperature, another extraordinary observation is that although the
total average energy output of the outer layers of the Sun is = 0.01 % of the photospheric
radiation, local transient events can produce an energy flux that exceeds the photospheric flux

[55]. The energy source of the latter may be magnetic in nature, but identity of the highly
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ionizing coronal source is not established. Nor has the total energy balance of the Sun been
reconciled. The possibility of a revolutionary discovery of a new source of energy in the Sun
based on a prior undiscovered process is an open question [56].

In the case that the medium is optically thick over certain wavelength regions, only parts
of the broad emission may be observed. In addition, the continuum radiation may be indirectly
observed as highly-ionized ion emission not consistent with a thermal origin in terms of the ions
and intensity ratios. The emission depends on atomic and ion cross sections for energy exchange
with hydrino intermediates and for absorption and reemission of the continuum radiation as well
as the incident continuum profile. The latter is dependent on the hydrino reactions that are in
turn also depend on the medium wherein a species other than H may serve as the catalyst [14,
36-38, 57-61].

Evidence for EUV emission from hydrino transitions also comes from interstellar
medium (ISM) since it provides a source of the diffuse ubiquitous EUV cosmic background.
Specifically, the 10.1 nm continuum matches the observed intense 11.0-16.0 nm band [50, 62].
Furthermore, it provides a mechanism for the high ionization of helium of the ISM and the
excess EUV radiation from galaxy clusters that cannot be explained thermally [63]. Additional
astrophysical evidence such as the observation that a large component of the baryonic matter of
the universe is in the form of WHIM (warm-hot ionized media) in the absence of a conventional
source and the match of hydrinos to the identity of dark matter was presented previously [14].
The latter case is further supported by observations of signature electron-positron annihilation
energy.

Dark matter comprises a majority of the mass of the universe as well as intra-galactic
mass [64, 65]. It would be anticipated to concentrate at the center of the Milky Way galaxy due
to the high gravity from the presence of a super massive blackhole at the center that emits
gamma rays as matter falls into it. Since hydrinos are each a state of hydrogen having a proton
nucleus, high-energy gamma rays impinging on dark matter will result in pair production. The
characteristic signature of the identity of dark matter as hydrino being the emission of the 511
keV annihilation energy of pair production is observed [66—68]. Another hydrino decay pathway
for this radiation is given in Chp. 32 of Ref. [1]. Interstellar medium [69-71], gamma-ray bursts
[71, 72], and the solar flares [55, 71, 73] also emit 511 keV line radiation. The dominant source

of positrons in gamma-ray bursts is likely pair production by photon on photons or on strong
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magnetic fields [71]. The solar-flare emission is likely due to production of radioactive positron
emitters in accelerated charge interactions [71]; whereas, the diffuse 511 keV radiation by
interstellar medium is consistent with the role of hydrino as dark matter in pair production from
incident cosmic radiation [69-71].

I11. Conclusion

In this paper, we report on the extension of the range of continuum radiation from
hydrino transitions with the observation of an additional continuum band from the decay of the
intermediate corresponding to the hydrino state H(1/4). By using different electrode materials of
extremely low vapor pressure that maintain a high voltage, optically-thin plasma during the short
pulse discharge, the radiation due to transitions due to 2H catalyst and 3H catalyst capable of
accepting the energy to form hydrinos were observed.

For both catalysts, the energy due to the electron undergoing a radial transition to occupy
a state of nearer radius was observed spectroscopically as a characteristic EUV continuum with a
cutoff at 22.8 nm and 10.1 nm, respectively, that extended to longer wavelengths. The
continuum radiation with a short-wavelength cutoff of 22.8 nm was observed with both W and
Ta electrodes as well as Mo electrodes, but additionally, the predicted continuum radiation with a
short-wavelength cutoff of 10.1 nm due to the decay of the intermediate corresponding to the
hydrino state H(1/4) was observed with W and Ta electrodes. The latter was also seen with Mo
by increasing the spectral signal. Thus, with electrodes that maintain high-voltage plasmas that
are optically thin, continuum radiation from H plasma is observed in the entire region from 10.1
nm to at least 40 nm. Our laboratory experiments have celestial implications. Hydrogen
continua from transitions to form hydrinos matches the emission from white dwarfs, provides a
possible mechanism of linking the temperature and density conditions of the different discrete
layers of the coronal/chromospheric sources, and provides a source of the diffuse ubiquitous
EUV cosmic background with the 10.1 nm continuum matching the observed intense 11.0-16.0

nm band in addition to resolving other cosmological mysteries [14, 50, 62].
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Figure 1. Experimental setup for the high-voltage pulsed discharge cell.
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Figure 2. Emission spectrum (10 nm-35 nm) of an electron-beam-initiated, high-voltage pulsed
discharge in argon recorded by the EUV grazing incidence spectrometer using the 1200
lines/mm grating and 500 superpositions. Only known argon and oxygen ion lines were
observed in the absence of a continuum. (a) Mo electrodes. (b) W electrodes. (c) Ta electrodes.
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Figure 3. Emission spectra (17-38 nm) of electron-beam-initiated, high-voltage pulsed
discharges in hydrogen (thick) and helium (thin) with Mo electrodes recorded by the EUV
grazing incidence spectrometer using the 1200 lines/mm grating and 500 superpositions. The

predicted continuum from the transition H *{%‘*} —H {%‘*} +54.4 eV was observed for

hydrogen only. The sharp peaks are Mo and oxygen ions. The metal ion emission was

attenuated at short-wavelengths.
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Figure 4. Emission spectra (12—-33 nm) of electron-beam-initiated, high-voltage pulsed
discharges in hydrogen (thick) and helium (thin) with W electrodes recorded by the EUV grazing

incidence spectrometer using the 1200 lines/mm grating and 500 superpositions showing two

continuum bands. The predicted continua from the transitions H *{%‘*} —H {%H} +54.4 eV

and H *PTH} —>H [%‘*} +122.4 eV were observed for hydrogen only. The sharp peaks are W

and oxygen ions. The plasma was optically thin since the metal ion lines and continuum were

not cut off at short-wavelengths.
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Figure 5. Emission spectra (10-31 nm) of electron-beam-initiated, high-voltage pulsed
discharges in hydrogen (thick) and helium (thin) with Ta electrodes recorded by the EUV
grazing incidence spectrometer using the 1200 lines/mm grating and 500 superpositions showing

two continuum bands. The predicted continua from the transitions

H *{%H} —>H {%”} +54.4 eV and H *PTH} —H [%‘*} +122.4 eV were observed for hydrogen

only. The sharp peaks are Ta and oxygen ions. The plasma was optically thin since the metal

ion lines and continuum were not cut off at short-wavelengths.

3x10°

owvi Ta electrode
17.3 o 1200 grating

——H2
——He
2x10° |-

1x10* | 15.0

Photon Intensity

L L 1 . I L L L 1
10 15 20 25 30

Wavelength nm

28



Figure 6. Emission spectra (3—46 nm) of electron-beam-initiated, high-voltage pulsed discharges
in hydrogen (thick) and helium (thin) with Mo electrodes recorded by the EUV grazing incidence
spectrometer using the 600 lines/mm grating and 1000 superpositions. In addition to the

predicted continuum from the transition H *{%‘*} —H {%‘*} +54.4 eV, the additional transition

H*[—} —>H {%”}HZZA eV was observed for hydrogen only due to the higher signal. The

same continuum bands were observed with all three metals wherein the optical thickness with

Mo electrodes was overcome with higher signal.
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Figure 7. Emission spectra (3—46 nm) of electron-beam-initiated, high-voltage pulsed discharges
in hydrogen (thick) and helium (thin) with W electrodes recorded by the EUV grazing incidence

spectrometer using the 600 lines/mm grating and 1000 superpositions showing two continuum

bands. The predicted continua from the transitions H *{%H} —H {%‘*} +54.4 eV and

H *[—} —>H {%”} +122.4 eV were observed for hydrogen only. The short-wavelength cutoffs

at cutoff at 22.8 nm and 10.1 nm were observed without spectral magnification.
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Figure 8. Emission spectra (3—46 nm) of electron-beam-initiated, high-voltage pulsed discharges
in hydrogen (thick) and helium (thin) with Ta electrodes recorded by the EUV grazing incidence
spectrometer using the 600 lines/mm grating and 1000 superpositions showing two continuum

bands. The predicted continua from the transitions H *{%H} —H {%‘*} +54.4 eV and

H *[—} —>H {%”} +122.4 eV were observed for hydrogen only. The short-wavelength cutoffs

at cutoff at 22.8 nm and 10.1 nm were observed without spectral magnification.
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Figure 9. Emission spectra (10-35 nm) of electron-beam-initiated, high-voltage pulsed
discharges in helium-hydrogen mixtures with W electrodes recorded by the EUV grazing
incidence spectrometer using the 600 lines/mm grating and 1000 superpositions showing two

continuum bands. The continua increased in intensity with increasing hydrogen pressure.
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Figure 10. An exemplary model of the EUV continuum spectrum of the photosphere of a white
dwarf using a temperature of 50,000 K and a number abundance of He/H = 10 showing the He
Il and H | Lyman absorption series of lines at 22.8 nm (228 A) and 91.2 nm (912 A),

respectively. Reproduced by permission of Cambridge University Press [50].
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Figure 11. Skylab (Harvard College Observatory spectrometer) average extreme ultraviolet
spectra of the Sun [52] recorded on a prominence (Top), quiet Sun-center (Middle), and corona

above the solar limb (Bottom). From Reeves et al. [53].
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