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Summer School of Particle Physics 15 - 18.5.2017,
Instrumentation Day on Wednesday 17.5.

Timetable:
9:00–10:30 Lecture @ E205, Doc. Eija Tuominen

Introduction to Instrumentation and Radiation Detectors,
Safe working in laboratory environment

10:30–11:00 Pause

11:00-12:30 First laboratory exercise @B304/B306-308/AK108

12:30-13:30 Lunch

13:30-15:00 Second laboratory exercise @B304/B306-308/AK108

15:00-15:30 Coffee

15:30-16:30 Analysis of Lab Works @ E205 (with all the teachers of the day)

Laboratory exercises:
Students work in three groups. Each student participates in two tasks, one in the morning and one in the
afternoon.

Task 1: Radiation tolerance of semiconductor detectors
with Tatyana Arsenovich, Jennifer Ott, Laura Martikainen @B304

Task 2: Detector data acquisition
with Dr. Vladislav Litichevskyi, Ville Pykkönen @ B306-308

Task 3: Quality Assurance of detector components @ clean rooms
with Dr. Francisco Garcia, Essi Kangasaho, lab.eng. Jouni Heino @ AK108

More info: Doc. Eija Tuominen, Helsinki Detector Laboratory, eija.tuominen@helsinki.fi
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1. Radiation tolerance of semiconductor detectors
Tatyana Arsenovich, Jennifer Ott, Laura Martikainen

In this task, students do electrical characterization of radiation hard position sensitive pn-junction silicon
detectors, being developed for the CERN CMS Tracker experiment.

Patterned silicon detectors are widely used in track finding and particle analysis in particle physics
experiments. Silicon strip or pad detectors are pn- junction diodes, see Fig. 1. Reverse biased operational
voltage empties the silicon bulk of all free charge current carriers, i.e. negative electrons and positive holes.
Then, ionizing radiation creates new free carriers, i.e. electron-hole pairs that are transported by the
detector’s internal electric field to metal contacts. Thus, it is possible to measure the place where the
radiation hit the detector.

As simplification, pn-junction diodes are used in this exercise. The values of current measured as the
function of voltage show the basic functionalities of semiconductor detector. Students supervised by their
teachers use the probe station in the Detector Laboratory to measure electrical characteristics of silicon
detectors. Students compare the results measured from new detectors and from detectors exposed to particle
radiation.

Fig. 1 Operational principle of pn-junction silicon
detector [Panja Luukka, doctoral thesis, 2006] (left) and
silicon diode being measured with probe station (right).
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2. Detector Data Acquisition
Dr. Vladyslav Litichevskyi, Ville Pyykkönen

In this task, students familiarize themselves with the collection of radiation induced signals. Ionizing particle
or electromagnetic radiation generates electron-hole pairs that are collected and analyzed with appropriate
data acquisition system. In this work, gamma ray emitting radiation sources are used.

MULTIPIX detector is used in order to study pulse processing and pulse analysis. The detector consists of
GAGG:Se (Gd Ar Ga Garnet doped with Ce) scintillator crystal that is optically coupled with
photomultiplier and readout electronics that is based on custom made preamplifier-amplifier-digitizer board
utilizing ATMEL microcontroller for signal processing and ARDUINO board for controlling. ARDUINO is
an open-source company, project and user community that design and manufactures microcontroller kits for
building digital devices and interactive objects that can sense and control object in the physical world. The
data acquisition chain is completed with basic laboratory equipment such as power supply for providing the
detector operating bias voltage, multi-channel analyzer (MCA) and oscilloscope.

Fig. 2 Single pixel MULTIPIX detector (top) and schematics of the data acquisition setup (below).
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3. Quality Assurance of  detector components
Dr. Francisco Garcia, Essi Kangasaho, Dr. Erik Brücken, Dr. Timo Hildén

In this task, students do optical and electrical characterization of GEM (Gas Electron Multiplier) readout
foils. GEM foils are important detector components that are used e.g. in the Time Projection Chamber (TPC)
detectors of CERN ALICE and FAIR NuSTAR experiments.

Quality Assurance (QA) of detector components is of outmost importance in the manufacture of radiation
detectors. In particle physics experiments, individual detectors cannot be accessed during the running of the
experiment, thus, all the detectors and their components must be extremely trustworthy.

Gas Electron Multiplier (GEM) detectors are a type of position sensitive gas filled detectors used in several
particle and nuclear physics experiments. A GEM foil is an insulating polyimide foil with thin metal
electrodes  on  both  sides.  The  foil  is  perforated  with  a  dense  pattern  of  small  holes,  typically  50  μm  in
smallest diameter and with a pitch of 140 μm. The foil becomes an electron multiplier when the voltage
between the electrodes is increased to allow avalanche formation inside the holes. GEM foils can be
manufactured up to square meter sizes.

In this exercise, students supervised by their teachers use the optical scanning system in the clean room
environment for the quality assurance of GEM foils, i.e. the students study the size and distribution of GEM
holes in large-size GEM foils. In addition, the students supervised by their teacher use the current-voltage
measurement system to study the electrical properties of the GEM foils.

Fig. 3 Garfield++ simulation of an avalanche
caused by a single electron drifting into the
GEM hole. The tracks of the electrons are

drawn with white and the tracks of the ions with
orange lines [Timo Hilden, doctoral thesis,

2015] (left) and Quality assurance of a large-
size ALICE GEM foil in clean room (right).


