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Abstract

I find that some experiments can be used to estimate numbers of the muons that produced on the
earth’s surface except of that come from cosmic ray particles in the atmosphere. However,
calculation showed that the high energy muons on the ground mainly come from cosmic rays. The
ground should lack of mechanisms to produce high-energy muons.
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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. %1 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.

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.
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Here I 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. HAth #1245 B FEAK
1l

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.

The experiment detection time window is set to 20 us, that is, if two pulses can be detected
continuously in a time period of 20 ps, it can be judged as a decay event of the muon. It is very
small probability for two low-energy muons fly into the scintillator in the same time.

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

Wu at el. collected 18296 events. Their results shown that the muons’ decay time is about
2124.649.6ns. It is close to the actually lifetime 2197.03ns of muons.

In addition, the apparatus detects the muons frequency up to 10 Hz. The scintillator base area of
about 0.045 m?, which means that the flux of muons on the ground is about
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Besides Wu’s experiment, there are many other authors had done this experiment back in the
1970s.

Coan, T et al. Designed a apparatus that detected a total of 28,963 muons decay events in 480
hours in 2005. The average lifetime of these low-energy muons is 1, = 2.19703 £ 0.00004ps. It
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can be estimated that the fluxes of the low-energy muons that can decay in their experiments are
28963 023
480 x 3600 x 10.1522  m2sr s

Hall ' and others designed a simple apparatus to measure cosmic ray muons lifetime in 1970. The
apparatus is composed of a scintillator that can detect income and decayed muons. After 695 hours,
they obtained the results that showed a mean decay time of 1.64 ps, which was quite different
from the data measured by other authors in the later period. In addition, their experiments show
that the flux of the Earth's surface muons is about
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Another experiment was done in 1978 by Owens et al. In contrast to Hall et al., Owens used a
simpler apparatus that required only a plastic scintillator. Their apparatus’ time window set at 10
us. They detected a total of 18000 events, the result is that the muons mean decay time is 2.32ps.
This is also close to the actual life of the muons. In addition, in their apparatus, six muon incident
events can be detected per second, while the decay event is about 50 per hour. The flux of the
muon can be calculated as
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10.152  m?2srs

This result is less than the usual values. It is possibly due to the fact that their apparatus is
surrounded by 10 cm thick lead to block the entrance of some muons.

While the flux of low energy muons that can decay is

50 _ 02
3600 x 0.152  m?2srs

This is consistent with the results of Coan et al.

3 Analysis

From the above analysis, combined with the known data, we can simply estimate numbers of
muons that can reach the ground produced by the atmosphere cosmic ray.

Taking into account the fact that most of atmosphere cosmic rays particles are exceed the energy
of 1GeV, we can estimate the lower limit flux of atmosphere cosmic rays particles

10*(m~2sr~1s7 1)

According to the average speed of 0.995c, muons falling from the height of 15km will take time to
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15000
0.995 x 3 x 108

= 50(us)

By considering the relativistic effects, the lifetime of the muons can be extended to 20us. So that
muons that can reach at ground is about

50
10* x 0.520 = 1768(m2sr~1s71)
We can roughly estimate the loss rate of the muons since they will interact with the atoms or
molecules in the air. According to Frisch™ et al. experiment, Muons interact with the atoms or
molecules in the air will result in the effect of time dilation from 10 times to 8.8 times after 2km.
That means the speed decreases by about 0.7% after about 2km. So according to Frisch’s method,

we can calculate the mean value of the slowdown coefficient of each segment (2km long)

=5.28

Z 4./1—0. 9952(1 —0.007)32

That is, the lifetime of muons can be extended to 10.5us.

The number of muons that reach the ground is thus:

50
10* x 0.5105 = 369(m2sr~1s71)

It can be seen that the theoretical calculation results are in good agreement with the experimental
results.

So the conclusion of the high energy ground muons are come from atmosphere cosmic rays is
correct.

Of course, high-energy cosmic ray particles may also be affected by the Earth's magnetic field,
taking into account the Earth's magnetic field strength:

25 x107°T
The force adding to a unit charged particle is:
eXxvXB=16x10"1x3x10%x25x%x107° =1.20 x 10715(N)
If we take into account the muon’s mass

1.88 x 10™%8kg



The acceleration that a muon obtain from the magnetic force is

1.20 x 10715

kgm
_ 12
188 x 1028 038x 107 (=77

It can be seen that the acceleration is very large. Without regard to the relativistic effect, such a
large acceleration will cause the muon run away in 50us

1
5 X 638X 10'2 X 50% x 10712 = 7975(m)

If the relativistic effect is taken into consideration, the mass of the high-speed motion muon will
increase by a factor of 10. So the offset distance caused by geomagnetic field is much smaller.

We can see that although the Earth's magnetic field can take great impact on the muons, but will
not lead to too many muons loss. The geomagnetic field has a serious effect only on cosmic ray
particles far enough away from the earth.

4 Conclusion

It is shown that the high energy muons on the ground mainly come from cosmic rays. The ground
should be the lack of mechanisms to produce high-energy muons.
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