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Abstract In this work, we present a model to explain the
apparently contradictory spectrum observed in Hessdalen
Lights (HL) phenomenon. According to our model, its
nearly flat spectrum on the top with steep sides is due to the
effect of optical thickness on the bremsstrahlung spectrum.
At low frequencies self-absorption modifies the spectrum
to follow the Rayleigh—Jeans part of the blackbody curve.
This spectrum is typical of dense ionized gas. Additionally,
spectrum produced in the thermal bremsstrahlung process
is flat up to a cutoff frequency, v .y, and falls off expo-
nentially at higher frequencies. This sequence of events
forms the typical spectrum of HL phenomenon when the
atmosphere is clear, with no fog.

1 Introduction

Several rare and unexplained light phenomena can exist in
the atmosphere. For example, ball lightning (Paiva et al.
2007), blue jets (Pasko and George 2002), red sprites
(Pasko et al. 2000) and terrestrial gamma ray flashes
(TGFs) (Paiva et al. 2009; Paiva 2009). Hessdalen Lights
(HL) are unexplained lights usually seen in the valley of
Hessdalen, Norway (Teodorani 2004). They have the
appearance of a free-floating light ball with dimensions
ranging from decimeters up to 30 m. HL often shows
strong pulsating magnetic perturbation of about 5 Hz
(Teodorani 2004). They are often accompanied by small,
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short-duration pulsating “spikes” in the HF and VLF radio
ranges, sometimes showing Doppler features. HL explicitly
shows visually some kind of “satellite spheres” around a
central luminous core (Teodorani 2004).

No existing theory or model can account for all the (and
sometimes contradictory) observations of HL. One expla-
nation attributes the phenomenon to an incompletely
understood combustion process in air involving clouds of
dust from the valley floor containing scandium (Bjorn
2007). Some sightings, though, have been identified as
misperceptions of astronomical bodies, aircraft, car head-
lights, and mirages (Leone 2003). A theory involves pie-
zoelectricity generated under rock strain (Takaki and Ikeya
1998). Other recent hypothesis suggests that the lights are
formed by a cluster of macroscopic Coulomb crystals in a
plasma produced by the ionization of air and dust by alpha
particles during radon decay in the dusty atmosphere
(Paiva and Taft 2010). The absolute luminosity of light
balls has been estimated to be about 19 kW.

Spectrum of the HL phenomenon appears to be a con-
tinuum with no resolved lines (Leone 2003). The light
phenomenon, in both a photometric and spectroscopic
sense, does not have the characteristics typical of a classic
plasma of free electrons and ions (Teodorani and Nobili
2002). When the atmospheric transparency was low, which
was most of the time, and when the orbs were low over the
horizon, the intensity distribution (ID) profile was very
similar to that of an image of a heated, glowing plasma,
i.e., a Gaussian shape with exponential wings. When the
atmosphere was clear, with no fog, the ID profile of the
image was nearly flat on top with steep sides.

In this work, we present a model to explain the appar-
ently contradictory spectrum observed in Hessdalen Lights
(HL) phenomenon. According to our model, its nearly flat
spectrum on the top with steep sides is due to the effect of

@ Springer



G. S. Paiva, C. A. Taft

Fig. 1 Light distribution in the cases of: a a typical plasma, b a
typical Hessdalen phenomenon (Teodorani 2004). The three dimen-
sions of plot are x, y, and z. The first two define the area of the image,

optical thickness on the bremsstrahlung spectrum. At low
frequencies self-absorption modifies the spectrum to follow
the Raleigh—Jeans part of the blackbody curve. This
spectrum is typical of dense ionized gas. Additionally,
spectrum produced in the thermal bremsstrahlung process
is flat up to a cutoff frequency v, and falls off expo-
nentially at higher frequencies via the Compton process.
This sequence of events forms the typical spectrum of HL
phenomenon when the atmosphere is clear, with no fog.
Thermal bremsstrahlung and self-absorption processes can
be produced by semirelativistic electrons in HL phenom-
enon (Paiva and Taft 2012).

2 The model

According to Teodorani, spectrum of the Hessdalen lights
phenomenon appears as a continuum with no resolved lines
(Leone 2003) and air turbulence or even fog is able to
smooth greatly the spectrum at its base and induce the
growth of exponential wings in the spectrum of an illu-
minated solid body. This happens normally with the light
of the stars (the most typical plasma objects) when they are
observed through the atmospheric layers—in such a case
the “seeing disk” is larger with increasing atmospheric

@ Springer

ot | B Y

|
|

i

| J
/ )
\a. FIYyL

\\ 'M ,

"'{“ "\‘&Ir |'|1 l k. b
LN VI

400 €00 800 1000 1200 1400

1A

the last one defines the count level (relative intensity). ¢ Super moon
image, d super moon spectrum (Narayana 2011)

turbulence, which results in the exponential wings of
Gaussian shape of their spectrum much more broadened. In
the three-dimensional analysis of the intensity distribution
of the lights, it appeared that the radiant power is due to a
heated substance. Nevertheless, the light phenomenon, in
both a photometric and spectroscopic sense, does not have
the characteristics typical of a classic plasma of free
electrons and ions (Teodorani 2004). This intensity distri-
bution (ID) shape is what one would expect for the image
of an approximately spherical and solid-like object that
radiates the same in all directions (uniform luminosity; see
Fig. 1a, b), for example, the moon spectrum (Fig. 1c, d)
(Narayana 2011).

Bremsstrahlung is electromagnetic radiation produced
by the deceleration of a charged particle when deflected by
another charged particle, typically an electron by an atomic
nucleus according to p + e < p’ + ¢ + 7 (Rybicki and
Lightman 1979). Bremsstrahlung radiation indicates the
presence of an ionized gas or plasma. Astrophysical
examples include thin plasmas such as in stellar atmo-
spheres, hot and dense plasma such as in the central regions
of active galactic nuclei (AGN) or other objects which are
accreting matter. In a medium which is optically thin, any
internally generated radiation is essentially free to escape
from the emitting region without further interaction with
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Fig. 2 Effect of optical thickness on the bremsstrahlung spectrum. At
low frequencies self-absorption modifies the spectrum to follow the
Rayleigh—Jeans part of the blackbody curve. This spectrum is typical
of dense ionized gas such as found in star formation regions. The
bremsstrahlung self-absorption dominates at low frequency (I, o< V)
for optically thick plasmas; flat region (/, ~ constant) and cutoff
(I o< ™™Dy regions of thermal bremsstrahlung dominate at higher
frequencies. Exponential cutoff is due to the fact that the electrons
cannot produce photons with energy (hv >> kT), which is approxi-
mately their thermal average energy

the medium. If the medium is optically thick, radiation
generated is only moving a short distance within the
medium (relative to its size) before being absorbed again—
the shape of the spectrum is set by the balance of both
emission and absorption processes. In an optically thick
region, this amounts to constraining the spectrum to be not
more efficient than a black body. Consequently, the spec-
trum turns over at low frequency a drop with a power—law
dependence identical to the drop-off in intensity at low
frequency seen in the Rayleigh—Jeans part of the blackbody
spectrum (Fig. 2).

We would now like to generalize the results to a pop-
ulation of electrons with a certain velocity and density
distribution. The total emission by all particles in this
population is called thermal bremsstrahlung. Let us cal-
culate the temperature of HL considering its luminous
intensity. The absolute luminosity of light balls has been
estimated to be about 19 kW (Teodorani 2004). The
velocity distribution of the particles in this ionized cloud is
given by the Maxwell distribution (Luo and Zhang 2004):

f(v)= 47r(%)3/2\/2[([('"”2)/2”]), (1)

The typical impact parameter b in the cloud, between
the electrons and positive ions is set by the number density

of the electrons, n., and the number density of the ions n;. If
we integrate the expression of intensity (in the flat part of
the spectrum):

_ 872%¢°
B 3nc3m?V2b?

(2)

where Z is atomic number of ion, e is the elementary
charge, m, is the rest electron mass, over velocity V and
impact parameter b, one obtains the total emitted power eg
in the cloud per unit volume:
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this spectrum cuts off in v at approximately hv/kT, so the
cutoff is a useful means of determining the temperature of
the cloud. The subscript “ff’” refers to the term free—free,
which is also frequently used to denote this kind of
emission (the electrons and protons are moving freely in
the interaction—i.e., they are not bound into some other
system). The expression includes a term, Gaunt factor, g
which is of order unity over a wide range of temperature
and density conditions. In cgs units (erg cm ™ s~ ') the
power emitted is

e = 1.4 x 10777 2nemi 2% (4)

correct to within 10 % for sub-relativistic temperatures.
Here, gp is the frequency averaged Gaunt factor for the
thermal distribution of velocities, and is of order unity. Let
us consider mean electron density for HL as being
ne = n; = 10" em™3 (Dawson and Jones 1969). No reli-
able diameter measurements for this luminous phenome-
non exist. Attempts of triangulation (Adams 2007) are
highly questionable and the available data are consistent
with a number of conventional alternative hypotheses
(Leone 2007). For the sake of convenience, let us assume
that HL is a spherical light ball presenting a diameter of
about 10 m (Teodorani 2004) that emits a maximum
optical power of 19 kW (=19 x 10® erg/s; this value of
power was estimated by Teodorani (2004) based on images
produced by the well-known streetlights in Hessdalen.
However, no evidence exists indeed to support the view
that the stationary light leading to the 19 kW estimate was
an isotropic radiator. If this assumption is dropped one
obtains a luminous intensity estimate in agreement with
what expected by vehicle headlights; we found a total
emitted power is in the range of ey ~4 ergcm ™ s .
Considering Z = 1, we found T ~ 600. This value is lower
than calculated by Teodorani (2004), 5,000 K. This last
temperature is obtained considering the phenomenon with
a spectrum showed in Fig. 1a (i.e., black body radiation).
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3 Conclusion

We conclude that HL is probably a cold plasma. This fact
explains the absence of combustion or fire when the phe-
nomenon occurs amongst the trees, in the forest. Of course,
the absence of combustion, deemed to be a successful
prediction of the authors’ model, could also be an expected
consequence of much more mundane explanations [for
example, vehicle headlights (Leone 2006)]. However, we
believe that the Teodorani spectrum (Fig. 1b) is correct
(real) and it does not result from intrinsic factors of the
instrumentation in itself (bad choice of film, long exposure
times) as suggested by Leone (2006). We can see that the
spectrum of Fig. 2 (bremsstrahlung spectrum) is similar to
the pure (real) spectrum observed in HL phenomenon
(Fig. 1b) when the atmosphere is clear, with no fog. Thus,
probably the HL spectrum is caused by high energy elec-
trons in the thick atmospheric plasmas accelerated upward
by electric field from rocks under the ground (Paiva and
Taft 2012), forming a thermal bremsstrahlung spectrum
with flat top and steep sides of an optically thick plasma in
ID image. This characteristic simulates the spectrum of an
illuminated solid body. The authors make clear that the
reason for their belief in the genuineness of the Teodorani
spectrum is its similarity with a bremmstrahlung spectrum.
However, a comparison with other conventional spectra
was not carried out.
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