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An experiment on proton decay is to be carried out using a large cubical
~ tank of water as the proton source, and the possible decay mode .
p—e” + 7°is to be detected by the Cerenkov light emitted when the
electromagnetic showers from the decay products traverse the water.

How big should the water tank be in order to contain such showers?
Estimate the total track-length integral (TLI) of the showers in a decay
event and hence the total number of photons emitted in the visible region
(4 = 400-700 nm). The light is to be detected by an array of photomul-

tipliers placed at the water surfaces. If the optical transmission of the
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water is 209, and the photocathode efficiency is 159, what fraction of

the surface must be covered by photocathode to give an energy resolu-
tion of 109,? Notz: Tes —“,0 bDecans To BY (2 PROToNL) watn o~ M;-"'S

T

4

Neutron detectors register individual neutrons by their production of
charged, ionising particles in a nuclear reaction. One method,
appropriate to thermal neutrons (E < 0.1 eV) uses the reaction

n+3He - p+;H+0.73 MeV.
The cross-section for this reaction, which dominates at low energies,
follows the (1/v) law,

o =0.039%c/v) b.

The mean distance a neutron travels through *He gas before it
interacts is [ = 1/(py.0), where py, is the number density of helium
atoms (Appendix A). What detector thickness is needed, using *He gas
at a pressure of 10 bars (which gives gy, =2.4 x 1026 m™?) in order
that at least 90%, of incident neutrons with energy 0.1 eV produce
ionisation?

In a neutron detector of the type described in Problem 8.2, estimate
roughly the number of ion pairs produced in the helium gas per
neutron interaction and the distance over which the ionisation is
deposited.
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