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Interaction of charged particles with materials
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Fig. 27.1: Stopping power (= (—dE/dz)) for positive muons in copper as a function

of By = p/Mec over nine orders of magnitude in momentum (12 orders of magnitude in
kinetic energy). Solid curves indicate the total stopping power. Data below the break

at 3y ~ 0.1 are taken from ICRU 49 [2], and data at higher energies are from Ref. 1.
Vertical bands indicate boundaries between different approximations discussed in the

text. The short dotted lines labeled “x~ 7 illustrate the “Barkas effect,” the dependence
of stopping power on projectile charge at very low energies [3].
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Here T},ax 1s the maximum kinetic energy which can be imparted to a free electron in a
single collision, and the other variables are defined in Table 27.1. With K as defined in

Table 27.1 and A in g mol~!, the units are MeV g‘lcmg.
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Table 27.1: Summary of variables used in this section. The kinematic variables 3
and v have their usual meanings.

Symbol Definition Units or Value
a  Fine structure constant 1/137.035999 11(46)
(€2 /ameohc)
M Incident particle mass MeV/c?
E  Incident part. energy YMc2  MeV
T Kinetic energy MeV
mec?  Electron mass x ¢2 0.510998918(44) MeV
re  Classical electron radius 2.817940325(28) fm
e2 / ATegmec®
N4 Avogadro’s number 6.022 1415(10) x 102 mol—!

ze  Charge of incident particle

Z  Atomic number of absorber

A Atomic mass of absorber g mol—!
K/A 47N grimec®/A 0.307 075 MeV g~ ! cm?
for A =1 g mol!
I Mean excitation energy eV (Nota bene!)
8(37y) Density effect correction to ionization energy loss
hwp Plasma energy 28.8161/p(Z/A) V(@)
(V47 Ner? mec® [a)
N. Electron density (units of r,)~3

wj  Weight fraction of the jth element in a compound or mixture
n; o number of jth kind of atoms in a compound or mixture

—  dar2Ny/A (716.408 g cm~2)~! for A = 1 g mol~! Ref.: Physics Letters B667 (2008) 1
Xo Radiation length g cm—2 available on the PDG WWW page
E. Critical energy for electrons MeV (URL: http://pdg.1bl._gov)
Eyc  Critical energy for muons GeV
Es Scale energy /47 /a mec? 21.2052 MeV
Ry Moliére radius g em—2
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Figure 28.15: The PEP4/9-TPC energy deposit measurements (185 samples, 8.5

atm Ar-CH4 80:20). The ionization rate at the Fermi plateau (at high 3) is 1.4

times that for the minimum at lower 3. This ratio increases to 1.6 at atmospheric
4 pressure.
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available on the PDG WWW page Proton momentum (GeV/¢)

(URL: http://pdg. 1bl.gov) Figure 27.3: Mean energy loss rate in liquid (bubble chamber) hydrogen, gaseous

helium, carbon, aluminum, iron, tin, and lead. Radiative effects, relevant for
muons and pions, are not included. These become significant for muons in iron for
® B3~ 2 1000, and at lower momenta for muons in higher-Z absorbers. See Fig. 27.21.
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Interaction of y/X rays with materials
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Examples of Detectors Used in Experiments
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e Photon beam

— Electron beam on
11 um ¢ carbon wire

— Tagged by electron
which has energy
loss

- Ey=0.8-1.1 GeV

e from 1.2 GeV
electron beam

- 6 MeV coverage per
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Some experiments and it's detectors
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Application for the Engineering and Medical Fields
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