
Experimental Particle Physics 2020-2021

Exam questions

Please be aware that logging in (opening the test) for the exam means the same as
showing up for an exam; your presence will be recorded and your efforts will be

graded.

Question 1 (2 points)

Assuming that charge collection is complete and that electronic noise is negligible,
find  the  expected  energy  resolution  (in  percent)  of  a  germanium detector  for  the
0.662 MeV gamma rays from 137Cs.

Question 2 (4 points)

The intrinsic  detection  efficiency for  a  gas-filled  counter  (proportional  counter  or
Geiger-Mueller tube) when used with medium-energy gamma rays (say 1 MeV) will
depend on the counter wall thickness as shown in figure 1.

• Explain the general shape of this curve and how gamma-rays are detected by
such counter (1.5 points).

• Give an order-of-magnitude estimate for the optimum wall thickness  tm and
relate it to basic physical properties (2.5 points).

Please assume that  the  counter has  structure as shown in figure 2.  Walls  are
made of aluminium (r = 2.7 g/cm3, Z = 13). The counter is filled with air at the
pressure of 0.1 bar and therefore, gamma-rays mainly interact with the walls.

                     Figure 1.
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Question 3 (4 points)

Calculate  the  amplitude  of  the  signal  pulse  expected  from  a  NaI(Tl)-PM  tube
combination under the following circumstances:

 Radiation energy loss: 1.2 MeV
 Light collection efficiency: 70%
 Photocathode efficiency: 20%
 PM electron gain: 100 000
 Anode capacitance: 100 pF

As a signal pulse consider the pulse amplitude (voltage) induced due to the anode
capacitance.

Additional material                  





The grading scheme
• written idea on how to solve the problem: 20%

• 80% of the grade is equally shared by steps required by the
problem. Number of steps depends on the method chosen 
by student to solve the problem. If there is a mistake in 
derivation during the step, grade for this step is reduced by
20%.


