10. Passage of particles through matter 127

Figure 10.2: Energy loss rate in liquid (bubble chamber) hydrogen, gaseous helium, carbon, aluminum, tin, and lead.

where δ/2 is the density effect correction introduced in Eq. (10.1) and h̄ωp is the plasma energy defined in Table 10.1. A comparison with Eq. (10.1) shows that jdE/dxj then grows as ln βγ rather than ln β2γ2, and that the mean excitation energy I is replaced by the plasma energy h̄ωp. Since the plasma frequency scales as the square root of the electron density, the correction is much larger for a liquid or solid than for a gas, as is illustrated by the examples in Fig. 10.2.

The remaining relativistic rise can be attributed to large energy transfers to a few electrons. If these escape or are otherwise accounted for separately, the energy deposited in an absorbing layer (in contrast to the energy lost by the particle) approaches a constant value, the Fermi plateau (see Sec. 10.3 below). At extreme energies (e.g., 400 GeV for muons or pions in iron), radiative effects become