A: Detektoren fiir Teilchenstrahlung

(Prof. Dr. O. Biebel)
geplante Themen der Vorlesung:

1. Einleitung, Motivation
(a) Quellen: Radioaktivitit, Beschleuniger, kosmische (solare, galaktische, extragalak-
tische) Quellen von Teilchenstrahlung

(b) Aufgaben: Nachweis von Strahlung, Dosismessung, Orts-, Zeit-, Energie- und Im-
pulsmessung, Teilchenidentifikation

(¢c) Methoden: Teilchenphysik, Elektrodynamik, Optik, Atomphysik, Festkorper- und
Halbleiterphysik, Transporttheorie, analoge und digitale Elektronik, anorganische
und organische Chemie

(d) Einsatzgebiete: Medizin, Werkstoffkunde, Geophysik, Teilchenphysik, ...
2. Wechselwirkung zwischen Teilchen und Materie:

(a) Elementarteilchen, Wechselwirkungen & typ. Wechselwirkungsstéirken

(b) (schwere) geladene Teilchen: Energieverlust durch inelast. Streuung, Ionisation,
Bethe-Bloch-Formel, Cerenkov-Effekt, Ubergangsstrahlung, Landau-Verteilung, J-
Elektronen

(c) Elektronen, Positronen: Bremsstrahlung, Strahlungslange
(d) Photonen: Photoeffekt, Compton-Effekt, Paarbildung, Strahlungslange

(e) Neutronen: Kerneinfang, Kernreaktionen, elastische & inelastische Streuung, Mod-
eration
(f) Neutrinos: elastische Streuung, NC- & CC-Reaktionen

(g) Vielfachstreuung geladener Teilchen: Coulomb-Streuung
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Fig. 2.6: Zur Veranschaulichung des Cerenkov-Effekles
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Fig. 26.1: Stopping power (= (—dE/dz)) for positive muons in copper
as a function of By = p/Mc 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 gy = 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 “u~ " illustrate the “Barkas effect,” the

dependence of stopping power on projectile charge at very low energies [6].
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Figure 26.3: 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
B~ 2 1000, and at lower momenta for muons in higher-Z absorbers. See Fig. 26.20.
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momentum; w/K are separated over all momenta except in the cross-over region.
(Low-momentum protons and deuterons originate from hadron-nucleus collisions in

inner materials such as the beam pipe.)
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7.7 Erhaltung der Seltsamkeit 165

Abb. 7.15. Blasenkammeraufnahme der Reaktion 7~ +p — A° + K°, die beim
Eintritt eines 7 -Strahls in die wasserstoffgefiillte Kammer auftrat. Die Pionen-
bahnen sind die schrig durch die Aufnahme gehenden parallelen Geraden. Die A°-
und K°-Bahnen sind nicht sichtbar, da diese Teilchen elektrisch neutral sind; sie
werden aber durch ihre Zerfallsprodukte identifiziert (s. Abb. 7.16). (Mit freund-
licher Genehmigung des Lawrence Berkeley Laboratory, The University of Cali-

fornia, Berkeley, California)
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Figure 26.9: Fractional energy loss per radiation length in lead as a functlon of
electron or positron energy. Electron (positron) scattering is considered as ionization
when the energy loss per collision is below 0.255 MeV, and as Mgller ]Bhabha.!
scattering when it is above. Adapted from Fig. 3.2 from Messel and Crawford,
Electron-Photon Shower Distribution Function Tables for Lead, Copper, and Air
Absorbers, Pergamon Press, 1970. Messel and Crawford use Xo(Pb) = 5.82 g/cm?,
but we have modified the figures to reflect the value gwen in the Table of Atomic
and Nuclear Properties of Materials (Xo(Pb) = 6.37 g/cm?).
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Nochusess
S Uonm F&o\(hte«

(ke fowe. ohra urchgasen
fudonse
W .u; '
/-(d-n:esak.w .
it Ibu - M
M | ‘ :
asseab ‘ =I X / ‘{k
naber il mo
agtlugi lMJ /L f'%so’f)ﬁ/*, x}
. %;Wwf«f ~
» Cmnf(o.\ e
! e
: f: : :
v F Eré%d
;; - 4/@;04.:0
2 2Hel




Absorption length A (g/cm?2)

_Masenabsmpbinskodfizit

10—6 1 llllllll L lIIIIlII 1 !l!lllll 1 l]llllll 1 lllIlIlI 1 II]IIlIl 1 !I!Lu] 1 !I!IIIII 1 11}.']_1'J

f I,lllllJ -l IIIIJ - ll.l.J_lJ lllll‘_l_l.l IIJ_.I_I llll.J_l..l .lllJ._a

10eV 100eV  1keV 10keV 100keV 1MeV 10 MeV 100 MeV 1GeV  10GeV 100 GeV

mktw Phownenery ! ?&i‘q

-

s

Cmplmﬂ.u

Fig. 26.15: The photon mass attenuation length (or mean free path)
A = 1/(u/p) for various elemental absorbers as a function of photon

energy. The mass attenuation coefficient is u/p, where p is the density.

The intensity I remaining after traversal of thickness ¢ (in mass/unit
area) is given by I = Iy exp(—t/A). The accuracy is a few percent.
For a chemical compound or mixture, 1/Aeg & Y clements WZ/AZ, Where
Ef is the proportion by weight of the element with atomic number Z.
The processes responsible for attenuation are given in a# Fig. 26
Since coherent processes“a.re included, not all these processes result
in energy deposition. The data for 30 eV < E < 1 keV are obtained
from http://www-cxro.lbl.gov/optical_constants (courtesy of Eric
M. Gullikson, LBNL). The data for 1 keV < E < 100 GeV are from
http://physics.nist.gov/PhysRefData, through the courtesy of John
H. Hubbell (NIST).
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Figure 26.13: Photon total cross sections as a function of energy in carbon and
lead, showing the contributions of different processes:
Op.e. = Atomic photoelectric effect (electron ejection, photon absorption)
ORayleigh = Coherent scattering (Rayleigh scattering—atom neither ionized nor
excited)
OCompton = Incoherent scattering (Compton scattering off an electron)
Knue = Pair production, nuclear field
ke = Pair production, electron field
Data from Hubbell, Gimm, and @verbg, J. Phys. Chem. Ref. Data 9, 1023 (1980).
Curves for these and other elements, compounds, and mixtures may be obtained

from
http://physics.nist.gov/PhysRefData. The photon total cross section is

approximately flat for at least two decades beyond the energy range shown. ~
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