
PHY2405 HW4

March 11, 2026

1) When searching through the drawers in the lab you find a silicon detector. Of course, the data sheet
is nowhere to be found, but apparently the detector was designed for charged particle tracking, so you
have good reason to expect that it is less than a mm thick and is configured so that it can be reverse
biased and used as a tracking plane.

(a) How can you determine the correct polarity of the bias voltage?

(b) You have a source of 1 MeV electrons. How can you determine the depletion voltage and the
thickness of the detector?

(c) Assume that the detector is 300 µm thick with a depletion voltage of 120 V. What is the resistivity
of the material?

(d) You’ve measured the diameter of the detector to be 20 mm. What is the capacitance at 0, 30, 60
and 120V?

(e) What are the collection times for electrons and holes when the detector is operated at 30, 60 and
120 V?

2) An electromagnetic sampling calorimeter, is installed at a collider with its front face at a radius 2.5m
from the interaction point. It has tungsten (ϵ = 7.9 MeV) in it’s absorber layers and plastic scintillator
(ϵ = 87.1 MeV) as it’s active medium. The dimensions of the tungsten absorber plates are 30×30×0.35
cm3 while the scintillator plates are a bit thinner measuring 30 × 30 × 0.25 cm3. The calorimeter is
made up of 40 samplings and is exposed (in a testbeam, before installation in the final experiment) to
200 GeV electrons, at the centre of the cell. For this calorimeter calculate:

a) The effective density (ρeff );

b) The effective radiation length (Xeff );

c) The effective critical energy (ϵeff );

d) The fraction of energy sampled (Evis/Einc);

e) The sampling contribution to the overall calorimeter resolution ((σ/E)sampling);

f) The number of photons created in the scintillator tile nearest to the shower maximum;

g) The smallest resolvable angle between two photons from a π0;

h) The maximum energy (Eπ0 ) and the maximum momentum (pπ0 , perpendicular to the calorimeter
face) for a π0 that has it’s two photons resolved in this calorimeter cell;

i) What would the longitudinal energy leakage be, if this calorimeter, instead, had only 10 sam-
plings?

j) In the testbeam calibration (with 200 GeV electrons) of a single cell of this calorimeter, how
much of the electron shower energy leaks out laterally?

3) A hadronic sampling calorimeter has uranium as passive material and scintillator as active material.
The dimensions of the sampling plates are both 30× 30× 0.3 cm3 in this case. The calorimeter has 50
samplings and is exposed to 100 GeV pions in a testbeam.In this case calculate:

a) The effective interaction length (λI );

b) The energy where 98% of the energy is contained radially;

c) The energy where 95% of the energy is contained longitudinally;



d) Assess the typical energy/momentum of pions/hadronic showers/jets for which this design would
be useful (ie. is it suitable for use at the LHC? If not, up to what energy collisions do you think it
would make sense to deploy a hadron calorimeter like this?);

e) The amount of pure hadronic energy and pure electromagnetic energy deposited after:

◦ 0.5 λI

◦ 1.0 λI

4) Consider a Transition Edge Sensor detector, operated in a circuit whose Thevenin’s equivalence circuit
is below. α = T0

R0

∂R
∂T is positive, and β = I0

R0

∂R
∂I = 0.

(a) What is the condition that this TES can be operated stably?

(b) For a TES with parameters in the table below, what is the expected resolution? What’s roughly
the useful bandwidth of this TES?

5) Derive the critical radius of a bubble chamber by minimizing the total Gibbs free energy (G) of the
system, given the chemical potentials of the liquid and vapour phase of the material (µl,µg). For a pure
system, G = Nµ where N is the number of molecules, µ is its chemical potential. When a boundary
between two phases form, there’s an extra Gibbs free energy G = Aσ associated, where A is the
surface area and σ is its tension.

5) For a Ge(Li) detector, assuming perfect electronics, what’s its energy resolution for the γ from 137Cs?
Assume the typical characteristics of a Ge(Li) detector which you might need to look up. How does
this relate to the energy threshold of this detector?


