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Problem10 : Bethe-Blochformula

TheclassicalBethe-Blochformula
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describesthe energy lossof heavy (i.e. m
�

me) particlesin matterby inelasticcollisionsof the
particlewith theelectronshellof theabsorberatoms.
In the formula,ne denotestheelectrondensityof theabsorber( = natom ⋅ Z), z is thechargenumber
of theincomingparticleandI is aneffective ionisingpotentialof theabsorberatoms.Show thatthis
formulacanbederivedfrom classicalconsiderations,undertheassumptionthat theenergy lossper
collision is small(v ≈ const.).
Hint: Considerthe numberof electrons“seen” by the particle in a ring-shapedvolumearoundits
path. The inner radiusbmin andouterradiusbmax of this ring aredeterminedby the maximumand
minimumenergiestransferredto theelectron,respectively.

Problem11 : Energy lossin particle detectors

Moderatelyrelativistic charged particles(other than electrons)lose energy in matterprimarily by
ionization.In anorganicscintillatoranenergy depositof typically 100 eV is requiredto produceone
photonin the blue to greenwavelengthregion, which in turn is detectedby the photomultiplierin
only 2% of thecases.In a gasdetectorfilled with Ar, 26 eV arenecessaryto ionizea gasatom. In a
Siliconsemiconductordiodetheenergy depositrequiredto createanelectron-holepair is 3.6 eV.
All of theseprocessesarestatisticalandcanbedescribedwith thePoissondistribution.

a. How thick dothesedetectorshaveto be,sothataminimumionizingparticledeposits1 MeV of
its energy?

b. What is therelative energy resolutionδE/E of the threedevicesfor this energy? Estimatethe
detectionefficiency for detectortype!

c. Discusspossibleapplicationsof thesedetectors!
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