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Abstract: In experiments on gravitational redshift in the past, there were many additional redshifts that could not be
explained by known theories. In 1990, Potzel used the higher-precision M sbauer effect to verify the gravitational redshift,
and found additional redshift data that could not be explained by existing theories. | assume that these extra redshifts are
caused by photon neutrino interactions. On the basis of this, through the further analysis of the results of the Potzel
experiment, a more accurate spectral redshift value caused by photon neutrino interaction is obtained. At the same time, the
analysis results are used to explain the extra solar redshift of the 500 nm spectrum at the limb. These extra redshift values
also exceed the value of the theoretical gravitational redshift and cannot be explained by other reasons. The results of this
paper show that the redshift caused by the photon neutrino interaction is in good agreement with the actual observation
compared to other hypotheses.
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1 Introductions

In my recent research, | found that there may be interactions between photons and neutrinos 2, which are beyond the

scope of weak interactions. If such a photon neutrino interaction exists, it will help us use a lighter device to detect
neutrinos, and the results are more direct.

In paper [2], by analyzing the redshift of the distant galaxies and the data of the gravitational redshift experiment conducted
by Pound in 1960 !, the estimation of the magnitude of redshift caused by photon neutrino interaction is obtained. The main
problem of such analysis is that the data accuracy is not high. In the experimental data of Pound, the systematic error caused
by other factors cannot be effectively excluded.

This article attempts to analyze more accurate experimental data. Potzel also uses the M&sbauer effect to measure the
gravitational redshift ™, but its accuracy is higher, and a reference absorber is also used for comparison, which can
effectively reduce the existence of systematic errors.

In addition, the solar spectrum redshift at the limb ©™ is also an important evidence because of the existence of additional
redshifts that cannot be explained by gravitational redshift and other known factors. If the photon neutrino interaction can
be used to successfully interpret this part of the extra redshift, it will help to confirm the intensity of the photon neutrino
interaction and what kind of precision experimental equipment is needed on the earth..

2 The analysis of Potzel's experimental data

Unlike Pound's 1960 experiment, Potzel uses a higher energy ®’Zn, and the gamma ray energy emitted by the source can
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reach 93.31kev, so the accuracy can be increased by about 6 times.

Another feature of Pound's experiment is the use of a reference absorber that is close to the source as the center of the
frequency shift, which can better reduce the systematic error in the experiment. The existence of systematic errors that
cannot be explained by existing theories has also been discovered.

First, we do not consider the existence of systematic errors. Since the reference absorber and the experimental absorber are
at different distances from the source, the reference absorber is very close to the source but still has a small distance.
Therefore, when the experimental device is reversed from the test redshift state to the test blue shift state, there is still a
small movement of the reference absorber. The errors produced by this device state change were ignored in Potzel's
experiments. However, considering the red shift or blue shift phenomenon caused by gravity, the influence of other factors
on the spectrum, this time the frequency shift of this part of the spectrum can be considered. Of course, since the experiment
is not designed to test such frequency shifts, the relative error of the obtained data will be relatively large, but its magnitude
is still have some reference value.

Table 1 %"Zn Mdcssbauer effect measurement data (Potzel 1992)

Frequency | Length Equivalent  gravity | Errors
shift type | (mm) acceleration g(m/s2)

R 1010 12.1 0.4
R 1010 11.9 0.4
R 1010 12.8 0.6
R 1010 12.6 0.6
R 1005 11.6 0.5
R 985 12.9 0.4
R 1039 115 0.3
R 1039 11.7 0.4
R 1039 11.4 0.8
B 1039 11.3 0.5

In Table 1, the frequency shift type R represents a redshift and B represents a blue shift, and the length represents the
distance between the experimental absorber and the reference absorber. Here, three data of 0.58 m length are deleted,
because the difference in the length of the red and blue shift is large, and it is not suitable for comparison. The equivalent
gravity acceleration represents the measured frequency shift, which is equivalent to the frequency shift caused by the
theoretical calculation of the acceleration.

According to the data in Table 1, the average equivalent gravity acceleration corresponding to the red shift can be calculated
to be 12.140.5.

There is only one blue shift data, and the corresponding equivalent gravity acceleration is 11.340.5.
This can be calculated that there is an equivalent acceleration difference between the red and blue shifts of 0.8 0.5

Theoretical calculations should not have such a difference, so this difference reflects the other non-gravitational factors. The
sign is positive, indicating that this extra frequency shift is a redshift effect.

Calculated according to the standard gravity acceleration of 9.8, this additional redshift effect is approximately 4% of the
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gravitational redshift data per meter on the earth.
Second, consider the extra redshift caused by systematic errors that cannot be explained by the Potzel data itself.

In their article, Potzel carefully analyzed various possible factors that may cause these extra redshift data. After many
exclusions, the data still has 6% error, and this error cannot be eliminated by technical means.

The red shift that occurs with this systematic error is different from the previous 4% additional red shift, which is the
absolute error that occurs in the experimental equipment. The previous 4% extra redshift is the relative error of the data after
the experimental device is inverted. Both data should be used to indicate the extra redshift that cannot be explained during
the experiment. Therefore, an average redshift value of about 5% is taken here. This means that at least 5% of the extra
redshifts in Potzel's experiments cannot be explained by existing theories. | assume here that there is an interaction of
neutrinos with photons, and most of these extra redshifts should be caused by this photon neutrino interaction. In this way,
the redshift caused by the photon neutrino interaction can be estimated to be approximately

Af(b
Az = O oo = 9 500 = 5.5 x 1018
b f c2

Considering that the source energy of the Potzel experiment is 6.48 times that of the Pound experimental source, the
accuracy will be higher, so this data is more accurate than the estimation in paper [2]. Although the frequency shift is small,
it can still be measured within the accuracy of the existing M&sbauer experiment. If we can increase the distance between
the source and the absorber, use a higher energy source, and measure in a higher concentration of neutrino environment, the
results may be more accurate.

3 Extra solar redshift at the limb

Pecker proposed in 1972 that there might be an interaction between photon and photon. If such an interaction exists, it can
be used to explain the solar redshift at the limb.

The solar redshift at the limb is part of the solar spectrum's Limb Effect. The limb effect of the solar spectrum refers to the
phenomenon that the solar spectrum gradually redshifts from the center of the solar disk to the limb. The more you reach the
limb, the greater the redshift. This cannot be completely explained by gravitational redshift.

For the interior of the disk, the factors involved are relatively complex, including gravitational redshift, including the
frequency shift caused by ionized gas, Doppler Effect, and rotation effect. However, at the limb, it is completely unaffected
by these other factors, that is, if there is a known theory that can explain the solar redshift at the limb, then this theory is the
gravitational redshift.

However, Pecker pointed out ! that the actual situation is that the solar redshift at limb is larger than the gravitational
redshift calculated according to the general theory of relativity, which is about 2x 1077 < Az < 107® and the
gravitational redshift calculated by relativity is about z;, = 2.12 x 107°

Pecker hopes to explain this extra redshift by the mechanism of photon-photon interaction. However, their calculations
show that the effect of photon-photon interaction may be much smaller than the calculated data of gravitational redshift 1.
Cohen also pointed out in 1973 that based on some past experimental data, the photon-photon interaction is at least three
orders of magnitude smaller than the gravitational redshift.



Therefore, the effect of photon-photon interaction on the solar redshift at the limb can be basically ruled out.

Here we consider the existence of photon-neutrino interactions. Using the results of the Potzel experiment, we can do the
following analysis:

First, simply estimate it.

According to Potzel's experimental results, the extra redshift is about 5% of the gravitational redshift. According to this
calculation, the 5% solar redshift value at the limb is about Az = 1.6 x 10~7. This is roughly the same as the magnitude of
the extra solar redshift at the limb.

Secondly, I also do a specific calculation.

Suppose the concentration of solar neutrinos on the surface of the earth is n(b)/m3, the radius of the sun is a, and the
distance from the sun to the earth is b. Assuming that the total amount of neutrinos is constant, the solar surface neutrinos
can be easily calculated. The concentration is

b2
a

n(a) = n(b)( )

The distance from the sun to r, where the concentration of the neutrino is

n(r) = n(g)z (D

The unit length frequency shift caused by the interaction of neutrinos with photons with a concentration of n(b) on the
surface of the Earth's surface is

__Af(b) _ kn(b)

A
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Where K is a constant.

Then the unit length frequency shift caused by the photon neutrino interaction at the distance r from solar is

2
Az,

2
0 )

Converting to the integral form gives the total energy lost by the photon from the limb of the solar disk to the surface of the
Earth, i.e. the total redshift frequency of the spectrum

_ Af _ cbkn(b) (b)?2
AZ_?_fa_f (r) dT (3)

Substituting the solar radius and the distance from the sun to the Earth, and assuming that the photon passes through the
path to continue to interact with all neutrinos, plus the upper limit of the redshift based on the Potzel experimental data, the
total frequency shift can be calculated as
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It can be noted that the frequency shift is too large, and is two orders of magnitude of the gravitational red shift. In fact, the
energy loss of photons is not so much. There are two possible reasons for this:

1. Since this paper analyzes the Potzel experimental data to obtain a redshift upper limit, the red shift caused by the photon
neutrino interaction is not as large as the redshift data that cannot be explained in the Potzel experiment. Nevertheless, the
calculations also show that photon neutrino interaction is an important reason for causing additional red shift.

2. Photons can interact with solar-emitting neutrinos, but the number of interactions is not that much. There is a relationship
between the actual number of neutrinos and the number of effective neutrinos that can interact with photons.

We consider the question of the number of effective neutrinos here.

Since neutrinos and solar photons are emitted simultaneously, the angle between the neutrino and the photon becomes very
small at a position away from the sun.

Here is the assumption that one photon can only interact with the one neutrino in one time.

Considering that the photon itself has a wavelength, the neutrino will always interact with the photon in this wavelength
range of the photon and in the direction of the photon flight. Therefore, if the collision angle of the neutrino and the photon
is very small, it is very For a long time, although the number of neutrinos encountered in the path of photon travel is large,
many other neutrinos do not interact with the photon.

To solve this problem, a concept of collision length is introduced here. That is, if one neutrino runs within a certain length
and is likely to collide with one photon continuously, this length is called the collision length of the neutrino photon. As
shown in Figure 1.

Neutrino

A ) Photon

Figure 1. The neutrino photon collision length without considering the neutrino wavelength (A indicates the wavelength of the photon, L is the
collision length)

As can be seen from Figure 1, the collision length L is mainly determined by the angle between the photon and the neutrino.
As long as the collision length L, this photon can only interact with this neutrino. However, other neutrinos located within
the collision length will still be counted towards the neutrino density of the length through which the photon passes.
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Figure 2. Relationship between photon neutrino collision point and the distance from solar disk

Figure 2 shows the distance between the photon neutrino collision point and the distance from solar disk. Here, to simplify
the analysis process, the sun's surface is treated as a plane. Where a is the radius of the sun’s surface, and the neutrino can be
emitted from any position on the disk. The center position of the disk is calculated as the average of the neutrino emission
position. r is the distance from the collision point to the disk limb. Combined with Figure 1 and Figure 2, the following
formula can be derived

A_a
L r
That is
Ar
L=—
a

The presence of the length of the collision means that the neutrino is "bigger", and how many times it is larger means how
many times the density of effective neutrinos that can interact with the photon is reduced.

It is assumed here that the wavelength of the neutrino itself is A,,, the neutrino density on the earth's surface is n(b), and
now the collision length is increased to A, + L, because the effective neutrino density is

) = (b
" _Av+Lbn()

Similarly, the relationship between the number of effective neutrinos and the actual number of neutrinos from the location
of the Earth r is

Ay
n'(r) = n(r)

A+ Ly
So
) =)
i _Av+Lrn( )rz

Note that Potzel et al.'s experiments used gamma rays instead of the solar rays emitted with neutrinos, which interact
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directly with photons, so the effective neutrino density in the Potzel experiment is n(b). Itis Az, = 7 -

Then consider an approximate condition: L > A,,, substituting into formula (4), we can get:
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This mainly takes into account the position of L on the order of magnitude of A, which is basically located on the surface
of the sun. Regardless of the length of the collision, only the magnitude of the red shift of the solar surface spectrum is very
small, about 10™2, which can be ignored.

Since the average energy of beta decay is about 300 keV, this can be seen as the average energy of the neutrinos released
from the solar, corresponding to a wavelength of 4.1 nm, and the wavelength of the analyzed solar spectrum is 500 nm.

Therefore

A
Az, = 8.3 10-57” =8.2x1077

It can be seen that this is basically consistent with the extra solar redshift value 2 x 1077 < Az < 10~° at limb, which
cannot be explained by other reasons.

4 Conclusions

From the gravitational redshift experiment done by Potzel in 1992, there is additional redshift data that is difficult to
interpret by known theories. This paper assumes that these extra redshifts are caused by photon neutrino interactions. Based
on this analysis, the data of the interaction between the solar neutrino and the gamma ray on the surface of the earth are
obtained. This data shows that the intensity of photon neutrino interactions is still relatively large, and some of the existing
high-sensitivity devices can effectively distinguish the effects of these interactions from other results. It also provides strong
support for the test of photon neutrino interaction experiments specially designed in the future.

The results obtained from the Potzel experiment can also be used to explain the extra solar redshift at the limb. This extra
redshift is difficult to explain with relativity and other known factors. Through comparison and calculation, it can be found
that the mechanism of photon neutrino interaction is used to explain this extra redshift, and the theoretical calculation
results can better match the experimental observation data.
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