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1, Huge radio loop on the Sky

If you look at the summer Milky Way from the constellation Sagittarius to the northern
sky with radio waves, you will see a huge arc with a diameter of 120 degrees. Since the
brightest part extends from the galactic plane to the northern silver crest, it is
traditionally called the North Polar Spur (NPS: North Polar Spur Protrusion). The
entire arc is traced in a circle and is also called Loop I. Other loops have been traced on
the all-sky radio maps, labeled as Loops II, III, and IV, with some researchers claiming
to have found V and VI.



Figure 1: A 408 MHz all-sky radio map (Haslam et al.) showing loops I-IV. This is the

basis for the supernova remnant theory.

Immediately after the discovery of radio arcs in the 1950s and 1960s, the theory that
they were supernova remnants (SNR) at close range was proposed, and since then the
SNR theory has been widely believed, mainly by European researchers. Assuming that
the loops are supernova remnants, and applying the known relationship between
surface brightness and diameter for shell-shaped supernova remnants such as the Veil
Nebula in Cygnus, the actual diameter of each loop is about 100 pc. Therefore, the
distance is also close, and it is an account that is abnormally dense at the position of
100-200 pc from the Sun. However, the spherical shell structure of the filament, which
is visible in the light peculiar to supernova remnants, is not visible. It was a strange

theory that I couldn't believe.

2. All sky radio map and spur

In the 1970s and 1980s, it seemed that the precision of loop observations would improve
as the all-sky radio map was created on a grand scale. On the other hand, however, the
existence of various radio spur structures rising from the galactic plane became clear,
and I became interested in the relationship between radio spurs and spiral structures.
Since some of the roots of the loops are aligned with the tangential direction of the
spiral arms, I thought that the arm of the magnetic field and cosmic rays bulged like a
bank in the sky and looked vertically. Most of the spur structures are well reproduced by

constructing a spiral arm model and calculating the brightness distribution.

However, only the NPS draws a clean loop, although it cannot be said to be perfect, and



the cross-sectional brightness distribution also indicates that it is a shell-shaped shock
wave. However, if it is a supernova remnant at close range, there are various
unreasonable things. Around that time, radio observations of extra-solar galaxies
progressed, and in starburst galaxies such as NGC253, gigantic shells and jet
structures that erupted from the galactic plane into the sky, began to be observed.

The author, who loves maps, spent his days and nights looking at the all-sky radio map
(Fig. 2a), and one day he came up with an idea. There may be a large explosion at the
center of the Milky Way galaxy, and the remnants of that may be the NPS. Looking at
the radio map with that in mind, I found that the radio structures that erupted in the
sky were concentrated in the direction of the galactic center, and Loop I looked like a

bubble that erupted from the galactic plane.

3. Big explosion model

However, at the time, this idea was an absurd idea and nobody took it seriously. Once
you have an idea, you can test it with a really simple model. All you have to do is place a
galactic disk, a halo, and intergalactic gas surrounding the Milky Way, and make a big
explosion at the center. First, we calculated the propagation of the MHD high-speed
wave developed by Uchida by assuming it to be a shock wave. Furthermore, we
calculated the wave front propagation of Sakashita and Melenhoff's adiabatic shock

waves.

Both results are as expected, and the shock wave front that expands into a spherical
shape in the central region immediately after the explosion eventually becomes pinched
and constricted in the direction of the disk, growing into an Q shape that expands
above and below the galactic plane. It is a diagram of a baked rice cake drawn in a
cartoon. And if you project the Q -shaped wave front onto the celestial sphere and
superimpose it on the radio diagram, you will find that it exactly matches the NPS.
Furthermore, assuming that the magnetic field and cosmic rays are in pressure
equilibrium, and giving the synchrotron emissivity to the power of the gas density, the
radio wave intensity distribution can be reproduced very well. FIG. 2b shows the radio
wave intensity distribution calculated considering the synchrotron radiation in the

spiral arms.

A blast energy of 1055-56 ergs at the center is required for a good match. It is about
10,000 times the energy of a Type II supernova explosion. At the time, it was thought of



as a central point explosion, but today it can be thought of as the energy of a
medium-sized starburst. However, compared to the SNR theory, it was a bold hypothesis
that was 100 times greater in terms of distance and 10,000 times greater in terms of

energy.
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Figure 2 Bottom: 408 MHz all-sky radio map by Haslam et al. Top: A model radio map

based on the galactic center explosion and spiral arm structure.

4. X-ray distance is the decisive factor

(Ref: Soft X-ray observations by McCammon et al. in the 1980s and all-sky X-ray maps
by ROSAT by Snowden et al.)

Since soft X-rays are scattered and absorbed by metal ions contained in the interstellar
medium, the absorption coefficient is proportional to the density and distance of the
interstellar gas, and the lower the energy (energy to the power of -2.5), the larger the
absorption coefficient. In the interstellar gas of normal metallic composition, X-rays
with energies of 0.25, 0.75, and 1.5 keV penetrate gas column densities of 1.6x1020,
2.5x1021, and 1.4x1022 hydrogen atoms cm-2. After passing, the intensity is attenuated
by a factor of e. Assuming that the average density of the interstellar gas is 1 hydrogen



atom cm -3, they correspond to distances of 41 pc, 640 pc, and 3600 pc, respectively.
For example, if 1.5 keV X-rays are absorbed, the source is farther than 3.6 kpc.

Let's look at the ROSAT X-ray intensity maps of 0.25, 0.75, and 1.5 keV (Figure 3: The
cover is a composite of red, green, and blue). Now the X-rays from the NPS in question
are absorbed all over the 0.25 band, indicating that the source is more than 40 pc away.
This is consistent with the SNR theory. However, as the energy rises, it can be seen that
it undergoes rapid absorption as it approaches the galactic plane. Even 1.5 keV is
absorbed almost completely in the galactic plane, not just a fraction of e. From this it
can be clearly seen that the source is several times 3.6 kpc far away.

By the way, if loop I-IV is a supernova remnant at a position of 100 pc, absorption
should be almost zero in any energy band, and a complete loop must be drawn. Figure 4
shows Loop I superimposed on the ROSAT X-ray map, clearly absorbed in the galactic

plane.

Cover image ROSAT all-sky X-ray map by Snowden et al. (bottom). X-ray intensity
distribution based on the galactic center explosion model (top). Red, green and blue

indicate X-ray intensities of 0.25, 0.75 and 1.5 keV, respectively.
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Figure 3 Right: ROSAT all-sky X-ray map by Snowden et al. Left: X-ray intensity
distribution based on the galactic center explosion model. X-ray intensities of 0.25, 0.75

and 1.5 keV are shown from the top.

Figure 4: ROSAT-X-ray map fitted with Loop I.



4. Bipolar hypershell model - Giant Galactic Bubbles -

Then, can X-ray observations be successfully reproduced with a large explosion model at
the center of the galaxy? In the above-mentioned shock wave model from the center, it
was found that a spherical shell with an omega-shaped swelling is formed above and

below the galactic plane. Let's call this a hyperbolic hypershell.

In the calculation of the shock wave, the density and velocity of the gas on the wavefront,
and thus the temperature, can be obtained, and the X-ray emissivity according to the
energy can be calculated. On the other hand, the interstellar gas distribution from the
galactic plane to the halo is known from HI and CO emission line observations, so it can
be given as a model. Furthermore, for the spiral arm, we give the spiral with a pitch

angle of 12 degrees and the overdensity along it.

In this way, the X-ray emissivity from the explosion wave front and the distribution of
the absorptance by the Milky Way are given, so the radiative transport for each line of
sight is solved, and the 0.25, 0.75 and 1.5 keV bands in the whole sky are obtained The
x-ray distribution at can be drawn computationally. The calculation results are shown
on the left side of FIG. The intensity of each energy band is represented by red, green,

and blue, and the combined result is shown on the cover.

Comparing the simulation results with the ROSAT observations in Figure 3 and the
figure on the cover, it can be said that the reproduction is almost satisfactory. In
particular, it can explain the strong absorption in the galactic plane and the distribution
of X-ray radiation that is concentrated in the galactic center and spreads vertically like
a dumbbell.

In order to reproduce the X-ray spectrum, a shock wave front temperature of 10 million
degrees and a wave front expansion speed of 200 km/s are required. For that reason,
there must have been a 1055 erg explosion at the center of the galaxy 15 million years

ago. It is natural to assume that a normal-sized starburst has occurred.

By the way, the giant bipolar shell found in NGC253 by X-rays and radio waves can also
be reproduced with a model with almost the same parameters as our Galactic bipolar
hypershell (Fig. 5). In other words, the Milky Way galaxy was in the past a member of

famous starburst galaxies such as NGC253.



Figure 5 X-ray bipolar shell (bottom) observed in the starburst galaxy NGC253 and
reproduction by the bipolar hypershell model (top). It looks exactly like the hypershell of
the Milky Way galaxy.

5. The 30-year controversy continues (half-a-century debate since 1977)

"Well, how did the readers feel about this?" Of course, I believe this theory to be true.
Between the supernova remnant theory and the galactic center explosion theory, I think

it is clear that the latter is the winner. But the industry is not so sweet.

Although it's not as frequent as it once was, papers are still written that refer to loops I,
II, and so on as supernova remnants. The home page of ROSAT is decorated with color
photographs as shown in Figure 4. One person even wrote a doctoral thesis on the
supernova remnant theory based on ROSAT data. On the other hand, I have yet to come
across any papers related to the center of the galaxy, other than my series of papers.
Ever since I wrote my first paper in the 1970s, the galactic explosion theory has been

frowned upon.

"Should I be happy or sad about this situation?" It is exhilarating to advance the theory
of winning alone without anyone noticing, but it also makes me sad that no one

recognizes the victory (value?). I would be happy if everyone could adopt my ideas and



discuss the Galactic Starburst on a grand scale, but if that happens, it might be too
noisy. It's been 30 years, so the situation may not change for the next 30 years. There

was also a retrial of Galileo, so it may be useless to rush.
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