136 10. Passage of particles through matter

Figure 10.9: Fitted values of the scale factor b for energy deposition profiles obtained with EGS4 for a variety of elements for incident electrons with 1 ˇ E0 ˇ 100 GeV. Values obtained for incident photons are essentially the same.

The “shower length” Xs = X0/b is less conveniently parametrized, since b depends upon both Z and incident energy, as shown in Fig. 10.9. As a corollary of this Z dependence, the number of electrons crossing a plane near shower maximum is underestimated using Rossi’s approximation for carbon and seriously overestimated for uranium. Essentially the same b values are obtained for incident electrons and photons. For many purposes it is sufficient to take b ß 0.5.

The gamma distribution is very flat near the origin, while the EGS4 cascade (or a real cascade) increases more rapidly. As a result Eq. (10.24) fails badly for about the first two radiation lengths; it was necessary to exclude this region in making fits.

Because fluctuations are important, Eq. (10.24) should be used only in applications where average behavior is adequate. Grindhammer et al. have developed fast simulation algorithms in which the variance and correlation of a and b are obtained by fitting Eq. (10.24) to individually simulated cascades, then generating profiles for cascades using a and b chosen from the correlated distributions [37].

Measurements of the lateral distribution in electromagnetic cascades are shown in Refs. 32 and 33. On the average, only 10% of the energy lies outside the cylinder with radius RM . About 99% is contained inside of 3.5RM , but at this radius and beyond composition effects become important and the scaling with RM fails. The distributions are characterized by a narrow core, and broaden as