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A significant component of detector background aisesfrom the secondary radiations produced
by cosmic.ray interactions i the carth’s atmosphere, a ilusrated in the sketch below.
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“The primary cosmic radiation, which can be of ether galactc o solr origin,is made up maialy
of protons. plus some helium nuciei and heavy ions, with extremely high kinetic energies. In
thei interaction with the atmosphere, a large assoriment of secondary particles is produced.
including pi and mu mesons, lectrons. protons, neutrons, and electromagnetic photons, with
energies that extend nto the hundreds of MeV range.





Muons are the most numerous energetic charged particles at sea level. A charged particle cannot avoid losing energy by ionization. As it passes through matter the charged particle interacts with the electric fields and typically knocks loose some of the loosely bound outer electrons. They lose energy proportional to the amount of matter they pass. This is proportional to the density (g/cm3) times the path length (cm). This "interaction length" has units of grams per square centimeter. 

Muons lose energy at a fairly constant rate of about 2 MeV per g/cm2. Since the vertical depth of the atmosphere is about 1000 g/cm2, muons will lose about 2 GeV to ionization before reaching the ground. The mean energy of muons at sea level is still 4 GeV. Therefore the mean energy at creation is probably about 6 GeV.

The atmosphere is so tenuous at higher altitudes that even at 15,000 m it is still only 175 g/cm2 deep. Typically, it is about here that most muons are generated. Muons arrive at sea level with an average flux of about 1 muon per square centimeter per minute. This is about half of the typical total natural radiation background.

The specific energy loss for many charged particles decresce exponentially, reaching an exponentially costant asymptotic value of 2 MeV/(g/cm2) in light materials at cosmic energies above several hundred MeV.
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For a 3”x3” (7,6x7,6 cm) thallium-doped sodium iodide (NaI(Tl) detector, with a density of 3,67 g/cm3, the energy deposited in the crystal is found to be:
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Therefore, to detect the incident muons in a NaI (Tl) detector, the detector gain must be adjusted to extend the observed spectra to beyond 56 MeV.
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http://physicsopenlab.org/category/cosmic-rays/
Lo spettro gamma che si ottiene evidenzia un picco ad energie elevate (decine di MeV), superiore ai picchi delle normali energie gamma. Questo picco corrisponde alla energia depositata dai muoni che interagiscono con lo scintillatore plastico. Per un muone con percorso verticale la massima energia depositata vale circa 50 MeV. Naturalmente il picco che si ottiene non corrisponde alla energia dei muoni, dato che muoni con energia superiore attraversano il cristallo scintillatore e proseguono nella loro traiettoria, mentre muoni con energia inferiore vengono fermati all’interno del cristallo e subiscono il conseguente decadimento.

Figure 3 shows measurements. Run time was trhree days. The broad muon peak is at ca.24 MeV, belove that, we see the spectrum of  the secondary gamma rays
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For gamma-ray measurement, We utilized a Nal(TI)
scintllation detector, whose size was 7.62-cm in diameter
and 7.62-cm in length. The length of tis scintllator enabled
us to measure the gamma rays up to 150 MeV’, because the
range of electrons of 150 MeV in Nal(TI) crystals ar around
7 em® . The detector was assembled with photomultiplicr,
R7195 manufactured by Hamamatsu Photonics Japan. The
photomultiplier tube was surrounded by magnetic shield.
The detector bias applied to photomultplier was 2000 V.
Nal(TI scinillation detector has rlativly higher Z than that
of organic liquid scintilator, so photo-clectric peak can be
formed. Nal(TI) crystal has a good energy resolution (~7.5%
for 662 keV gamma ray) in scintllation crystals. Morcover,
‘gamma rays measurement using Nal(Tl) scintillator is well
known to obtain energy spectrum by using unfolding method
casily due o its peak to total rati.
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