Dependence of muon intensity on rock density and composition

The muon simulation code MUSUN allows for a quick calculation of muon intensities underground if the slant depth distribution is known. In the simplest case of a flat surface profile, this can easily be done for any known vertical depth based on the result of muon transport through a defined rock density and composition. This dependence is difficult to parameterise analytically since the fractional change in muon intensity with density depends on the vertical depth, so a couple examples will illustrate the effect.  
Consider a vertical depth of 1.5 km and the density of 2.7 g/cm3, resulting in a vertical overburden of 4050 hg/cm2 or m.w.e.   An uncertainty of 2% is typical when estimating an average density between an underground site and the surface, meaning that it can be in a range of 2.646 – 2.754 g/cm2.  Consequently, the vertical overburden is in a range of 3969 – 4131 m w. e. resulting in a muon intensity variation of about ((12-13)% from the value calculated for 4050 m.w.e.  Muon intensities underground also depend on the rock composition. Changing mean values of Z and A for rock by 7%, may change the muon intensity by about 12% at a depth of 4 km.w.e.   Taken together, uncertainties in the rock density and composition may change the mean muon energy underground by about 3% at a vertical depth of 4 km.w.e.

Another potential uncertainty in the muon intensity and mean muon energy is linked to the parameterisation of the muon spectra at the surface. Several underground experiments have found muon energy spectra steeper than that assumed in the Gaisser parameterisation. This increase in the slope, and the associated change in the normalisation constant, may change the muon flux by up to 10% depending on the depth.   Luckily, the change at 4 km.w. e. is only about 3-4% in muon flux and mean muon energy.
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