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Detektoren Ubersicht

Strahlungsdetektoren
elektrische nicht elektrische
Bahndetektoren Spektrometer reguinerende rcgnstflerende Bahndetektoren
Detektoren (Dosimeter)
Koinzidenztechniken
magnetische Spektrometer
Indirekte Methoden fiir neutrale Teilchen
Teilchen Umwandlung erzeugtes geladenes Teilchen Spektrometrie
Neutron Kernreaktion Proton, Alpha, Spaltprodukt alle Detektoren
RiickstoBproton Proton
Gamma-Strahlung Photoeffekt Elektronen
CompToN-Effekt Elektronen
Paarbildung Elektronen, Positronen
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Bethe-Bloch-Gleichung: dE/dx
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dE/dx

Figure 27.2: 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 Sy >1000,
and at lower momenta for

muons in higher-Z absorbers.
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dE/dx in Gas-Detektor
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[rpp2010] Figure
28.15: The PEP4/9-
TPC energy deposit
measurements

(185 samples, 8.5 atm
Ar-CH4 80:20). The
lonization rate at the
Fermi plateau (at high
p) is 1.4 times that for
the minimum at
lower (3. This ratio
increases to 1.6 at
atmospheric pressure.
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de/dx weiter Energiebereich
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The nonprojected (space) and projected (plane) angular distributions are given
approximately by [33]
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Fluktuationen, Landau-VerteiIung
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()_6:_ Fig. 2.5. Energ& loss distributions ac-

cording to (2.5) for different thicknesses
k=1.0 of a detector, ranging from a nearly

0.5

: Gaussian distribution for a thick ab-
0.4 sorber k = 1 to nearly a Landau distri-
: bution for a very thin detector k = 0.01,
f 0.3 from [13]
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Abb. 18.23. Nebelkammeraufnahme
des a-Zerfalls von RaC’. Das einzelne
energiereiche Teilchen (langere Spur)
wird aus einem angeregten Zustand des
gleichen Kerns emittiert. (Nach Philipp,
aus W. Finkelnburg: Einfiihrung in die
Atomphysik, 11./12. Aufl. (Springer,
Berlin Heidelberg1976))
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Teilchendurchgang durch Absorber
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Materialeigenschaften

Table 2.1. Energy loss for a minimum-ionising muon dE/dx, density and mean
excitation energy I = Igp X Zn for various elements and compounds, for gases see

Table 2.5

16
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Element/ Zm Density I I dE /dz
Compound [g/cm?®] [eV] [eV] [MeV /gem 2]
Be 4 1.85 63.7 15.9 1.6
C(graphite) 6 1.8 78 130 175
Al 13 2.67 166 12.7 1.61
Si 14 233 173 124 1.66
Fe 26 7.87 286 11.0 1.45
Cu 20 8.96 322 11.1 1.40
Ge 32 532 350 11.0 1.37
Sn 50 731 488 9.8 1.26
W 74 193 727 9.8 1.14
Pb 82 11.3 823 10.0 1.12
Sodium iodide (Nal) 46.5 3.67 452 14.1 1.31
Photograph. Emulsion 3.8 1.31
Plastic Scintillator’ 57 1.03 64.7 11.3 1.94
Lucite, Plexiglas® 1.19 74 1.93
Polyethylene 53 094 68 13 2.08
Water 75 1.0 75 10 2.0

I polyvenyltoluene; ? polymethylmethacrylate

Johannes Bliimer
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Materialeigenschaften

Table 2.2. Radiation lengths Xo, critical energies €., Moliere radii par, threshold
energies Er, ppr and nuclear interaction lengths A; for 100 GeV protons in elements
and compounds. The densities for gases are given in [g/l] at STP

Material Zy Ap p Xo Xo € pv Erpwm A;
g/cm®] [g/cm® ] [cm] [MeV] [cm] [TeV] [g/cm? ]

Ho 1 1,01 [0.0899 62 731000 350 42000 6600 50.8
He 2 4 [0.1786] 94 530000 250 45000 5800 65.1
Air 7.3 144 [1.29] 37 30420 86 7400 234000 90.0
C 6 12.01 2.265 43 18.8 82 4.8 151 86.3
H20O 75 142 1.0 36 36 70 92 278 83.6
S109 11.2 21.7 2.2 27 12 50 4.9 7 07.4
Al 13 27 2.70 24 8.9 40 4.4 68 70.6
Fe 26 55.85 T7.87 14 1.76 21 1.7 13.6 82.8
Cu 29 63.55 8.96 13 1.43 19 1.6 11.2 85.6
W 74 183.9 19.3 6.8 0.35 8 0.9 2.7 110.3
Pb 82 207.2 11.35 6.4 0566 74 1.6 4.3 116.2
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Bremsstrahlung

Strahlungslange:

716.4 % AM

Xo
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Material | Z | xg [mm| | Ej [MeV]
H-,O 1, 8 361 92
Be 4 303 116
C 6 188 84
Al 13 89 43
Fe 26 17.6 22
Cu 29 14.3 20
W 74 3.0 8.1
Pb 82 5.6 7.3
U 02 3.2 6.5
2()()» T u T
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Figure 27.13: Electron critical energy for the chemical elements, using
Rossi’s definition [2]. The fits shown are for solids and liquids (solid line)
and gases (dashed line). The rms deviation is 2.2% for the solids and 4.0%
for the gases. (Computed with code supplied by A. Fassé.)
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Cherenkov-Effekt
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Cherenkov angle 6 (°)
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Material Density Xo n
g/em®/[g/1]) [g/cm? ]
H> 10.0899] 62 1.000139
He [0.1786] 94 1.000035
Air [1.29] 37  1.000273
Silica Aerogel 0.04 — 0.6 27  1.040.21 p
Water 1.0 36 1.33
SiO2 (quartz) 2.2 27.0 1.46
Plast. scintillator 1.03 43.7 1.58
Lucite, Plexiglas 1.18 —1.20 40.5 ~1.49
Teflon 2.2 34.8 1.33
BGO scintillator 7.1 8 2.15
Nal scintillator 3.67 9.5 1.77
Si 2.33 22 3.95
Ge 5.32 12.2 3.99
Pb glass (SF 5) 6.22 9.6 1.67
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