Ph 801 — Exercise 8

1. Primary cosmic rays consist of protons,  particles and heavy nuclei. Only 1% of primary particles are electrons. Does this mean that the planet Earth will be electrically charged in the course of time because of the continuous bombardment by predominantly positive charged primary cosmic rays? What kind of positive charge excess could have been accumulated during the period of existence of our planet if this were true? Consider that the rate of primary particles can be estimated as  ( 0.2 (cm2 s sr)-1.

2. The Sun converts protons into He according to the reaction:
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The solar constant describing the power of the Sun at Earth is P = 1400 W/m2. The energy gain per reaction corresponds to the binding energy of He (EB (4He)=28.3 MeV). How many solar neutrinos arrive at Earth?

3. Radiation exposure due to solar neutrinos. 

a) Use the value of the cross section in the energy range for solar neutrinos for neutrino-nucleon scattering 
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to work out the number of interactions of solar neutrinos in the human body ( = 1 g/cm3).

b) Neutrinos interact in the human body by
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where the radiation damage is caused by electrons.

Estimate the annual dose for a human under the assumption that on average 50% of the neutrino energy is transferred to the electron.

c) The equivalent dose is defined as:
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where m is the mass of the human body, wR the radiation weighting factor (=1 for electrons), [H]=1 Sv = 1 wR J kg-1 = 1 Sievert and E the energy deposit in the human body. Work out the annual equivalent dose due to solar neutrinos and compare it with the normal natural dose H0 = 2mSv/a.

Suggested Solutions

1. Let’s take  ( 0.2 (cm2 s sr)-1 and the surface of the Earth (and only protons in first approximation)

S = 4R2 = 5.10 x 1018 cm2 with R = 6370 km. Since the age of the Earth is T = 4.5 x 109yrs, the total charge accumulated in the solid angle of 2 (they can reach the Earth only from the upper hemisphere) during the time T is:
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Still there is no charge up. Primary particles are mainly those of high energy (> 1 GeV). In this high energy domain positively charged particles actually dominate. If all energies are considered, there are equal amounts of positive and negative particles. Our Sun is a source of numerous protons, electrons and alpha particles. In total there is no positive charge excess if particles of all energies are considered. This is not in contrast with the observation of a positive charge excess of sea-level muons because they are the result of a cascade process in the atmosphere initialized by energetic primaries.

2. The solar neutrino flux is given by the number of fusion processes 

[image: image6.wmf] times 2 neutrinos per reaction chain:
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4. a) The interaction rate is
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where N is the interaction cross section,  NA = 6.022 x 1023 g-1 is the Avogadro number, V= mass of a typical American thin man = 80 kg, and the total solar neutrino flux is about  ( 7 x 1010 cm-2 s-1. So R = 7 x 1010 x 80 103 x 6.022 1023 x 10-45 = 3.4 x 10-6 s-1 = 106 yr-1.

b) A typical energy for solar neutrinos is 100 keV, i.e. 50 keV are transferred to the electron. Consequently, the total annual energy transfer to the electrons is: E = 106*50=5.3 MeV/yr = 8.5 10-13 J/yr

c) Let’s take the mass of the human body as  equal to about 80 kg. The equivalent annual dose is:
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The contribution of neutrinos to the normal natural dose is negligible:

H = H/H0 = 1.07e-14/2e-3 = 5.4e-12. 






















