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Problem 10 : Bethe-Blochformula
TheclassicaBethe-Blochformula
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describeghe enegy lossof heary (i.e. m > me) particlesin matterby inelasticcollisionsof the
particlewith theelectronshellof theabsorbeatoms.

In the formula, n, denoteghe electrondensityof the absorbel = nyon [£), z is the chage number
of theincomingparticleandl is aneffective ionising potentialof the absorbeatoms.Shaw thatthis
formulacanbe derived from classicalconsiderationsynderthe assumptiorthatthe enegy lossper
collisionis small(v = const.).

Hint: Considerthe numberof electrons‘seen” by the particlein a ring-shaped/olume aroundits
path. Theinnerradiusb,,, andouterradiusb.y Of this ring are determinedby the maximumand
minimumenegiestransferredo the electron respectiely.

Problem11 : Energy lossin particle detectors

Moderatelyrelatvistic chaged particles(other than electrons)lose enegy in matterprimarily by
ionization.In anorganicscintillatoranenegy depositof typically 100 &V is requiredto produceone
photonin the blue to greenwavelengthregion, which in turn is detectedoy the photomultiplierin
only 2% of the caseslIn a gasdetectoffilled with Ar, 26 8/ arenecessaryo ionizea gasatom.In a
Silicon semiconductodiodethe enegy depositrequiredto createanelectron-holgairis 3.6 eV.

All of theseprocessearestatisticalandcanbe describedvith the Poissordistribution.

a. How thick dothesedetectordave to be,sothataminimumionizing particledepositsl MeV of
its enegy?

b. Whatis therelative enegy resolutiondE/E of the threedevicesfor this enegy? Estimatethe
detectiorefficiengy for detectottype!

c. Discusspossibleapplicationsof thesedetectors!



