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Abstract

I find that an undergraduate physics experiment can proof that the most of muons on the earth s
surface are not come from cosmic ray particles in the high altitude atmosphere. Most of those
muons are produced on the ground for the reasons of interactions among neutrinos and electrons.
The main points of views are that the decay time detected in the apparatus should be much smaller
than muon s lifetime if all of the muons are come from high altitude atmosphere. On the other
hand, the energy of muons that can arrive at ground must exceed 1GeV according to special
relativity theory. Those muons that its energy is much lower cannot arrive at ground in their
lifetime. The experiment results show that the natural muons’ decay time on the ground is nearly
equal to their lifetime. The experiments also detect that there are numerous muons that its energy
close to 100MeV on the ground.
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The passed experiments shown that there are numerous muons existed in the earth’s surface. The
old theories claim that all of those muons are come from the high altitude atmosphere. The height
is about 15km. The muons are the secondary cosmic ray particles, which produced by the primary
cosmic ray that interacting with the oxygen or nitrogen atoms and molecules. That is, after
interacted with atoms or molecules in the atmosphere, the primary cosmic ray will produce
mesons, neutrons and etc. The mesons will decay to muons.

Since muons’ life time is very shorter, it will need to consider the special relativity effects to reach
at the ground. It also becomes the important evidence to support the special relativity theory. ™

However, | found that the interactions among neutrinos and electrons can also have the abilities to
produce numerous muons besides the cosmic ray in the high altitude atmosphere in my previous
works. 3 On the other hand, the neutrinos can interact with electrons on the ground besides in
the atmosphere. It is different from the older theories. So it can be proofed by the experiments. |
will analysis it by an undergraduate experiment in this paper.
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1 Wu’s experiments on muons’ lifetime

Since there are large amount of muons on the earth’s surface and there are also mature detecting
technologies, many instruments had been designed " to detect the muon’s lifetime over the past
few decades. Some instruments are designed specifically for undergraduate students. Because the
popularity is very wide, a large number of students involved in the experiment, so the results are
also very reliable.

Here | use the results of Wu et al. ® to analysis this question. Wu and his co-workers designed an
apparatus to measure the life time of muons naturally produced in the air in 2010. This apparatus
can be used for teaching undergraduate students knowledge of muons.

The device of Wu et al. is mainly a plastic scintillator of about 0.3 meters long, and when a muon
passes through the scintillator, it will produce electrons and fluorescent photons in the scintillator.
At this point the muon produces a fluorescent trace that is a straight line. It can be detected
immediately.

High-energy muons can pass directly through the scintillator without decay. But muons with lower
energy at about 100MeV cannot wear out the scintillator and decay in them ultimately due to the
occurrence of a large proportion of the energy loss. After decay, it will produce electrons as well
as electron and muon neutrinos.

The electrons that produced by the muon decay process will interact with the scintillator to
produce fluorescence. Since the electrons after decay are not necessarily in the same direction as
the motion of the muons, and the decay process will also take times, it can be easily distinguished
from the trajectories of the incident muons.

The external electronic device can measure when the muons incident scintillator and when the
muons decay. After then, the time difference can be calculated to determine how long the muons
decay.

2 Experiment results

Wau at el. collected 18296 events. Their results shown that the muons’ decay time is about 2124.6
+9.6ns. It is close to the actually lifetime 2197.03ns of muons.

3 Analysis

Here | carry out a simple analysis on Wu’s results.



First of all, the experimental results of Wu et al. are smaller than the accepted results. Wu consider
that this error is attributed to the interactions among part of the muons and material atoms. So part
of muons cannot be detected. However, | think this can be more attributed to the fact that those
muons incident on the scintillator has been running for tens of nanoseconds before entering the
scintillator, because it is impossible for all of the muons that just come into the scintillator decayed
instantaneously.

If we accept the fact that muons must run for tens of nanoseconds outside the scintillator, we can
calculate the distance that the muons run over. According to Wu’s data, the average velocity of
muons is about 0.3c, so the distance is

70 X 1072 x 3 x 108 = 21(m)

It means that the muons are produced at an average distance of 21 meters from the scintillator. It
will not exceed 23 meters even taking into account of the effect of relativity.

So it can be sure that these muons cannot come from the atmosphere which height is more than ten
kilometers. It can only be produced on the ground where the experimental device is located for
some reason.

Secondly, the data provided by Wu shows that their devices can only detect the lifetime of muons
that their energy is located in about 100 MeV. The frequency of events reaches 10 Hz. The
scintillator’s base area is about 0.045 m?. So it means that the fluxes of these low energy muons is
about
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This value is similar to the current estimate of the muons flux on the Earth's surface.

That is, the muons of this energy region are the important component of the muons flux on the
Earth's surface.

Then there is a problem here. If these muons are produced in more than ten kilometers height of
the atmosphere, even we taking into account the relativistic effect, the muons that located in this
energy region, or slightly higher, is not May reach the ground in its life. It will not run more than 1
km actually.

4 Conclusions

From the analysis of the experiment results of Wu et al., We can see that there are a lot of
low-energy, normal-life muons on the earth's surface. If we rely solely on the calculation of these
muons that produced by the cosmic rays in the atmosphere more than ten kilometers height away,
we are unable to obtain such results. Therefore, it is believed that there is a mechanism on the

3



ground that can produce a large number of low-energy muons in the air or other matters to
supplement, in order to explain the experiment results of Wu and other authors.

My previous works ! pointed out that the theory of the interaction between neutrinos and
electrons can explain this phenomenon well. When the solar neutrinos or atmospheric neutrinos
are incident on the ground, these neutrinos will interact with electrons in the air or other matters,
and further produce muons and other leptons, which continuously provide a variety of energy
range of fresh neutrinos for the ground.

In addition to explaining the origins of the ground muons, my previous works can well explain

other phenomena such as neutrino oscillations and provide a new method for detecting neutrinos
(3]

So Wu’s experimental results provide a very good support to my previous works. !
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