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- Radiation and Radioactivity

» Well-known Particle Detectors
= Geiger—Miiller counter
= Cloud chamber

» (Cern) DIY Particle Detector
= Silicon sensor
= Amplifier

- Applications and Discussion
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y Radioactive Soil and Rocks

https://www.researchgate.net/publication/25527
5007 Improved Radiation DosimetryRisk Esti

Credit: https://www.cnsc-cesn.ge.ca/eng/resources/radiation/types- mates to facilitate Environmental Managemen
and-sources-of-radiation/ t _of Plutonium contaminated Sites
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Energy
1.5-3eV /" keV MeV GeV
/" ionising radiation

/

/o X-rays,e” vy, o [, ...

radio, micro, IR, visible, UV, X, gamma

® Energy = wave length

e 1eV: energy of an electron after acceleration by 1 Volt

Credit: https://cernbox.cern.ch/pdf-viewer/public/hiP1iwHxpBtw20mF/Measuring radioactivity RC3-talk-2020 OK small.pdf
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Silicon Detectors at CERN




4 Silicon Detectors at CERN

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter : 15.0m Pixel (100x150 ym) ~16m* ~66M channels
Overall length :28.7m Microstrips {80x180 wm) ~200m?* ~9.6M channels

Magnetic field :3.8T
SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~ 18,0004

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)

Brass + Plastic scintillator ~7,000 channels



DIY Particle Detector
using low-cost silicon sensors
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Silicon Sensors (Photodiodes)
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Charge-Sensitive Amplifier of the Electron-Detector
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Applications

- red/orange uranium-oxide glaze,
chemically purified: U 238 + U 235 + U 234
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Everyday Objects

potassium-based salt,
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uranium
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Strontium-90, °0Sr

93r undergoes [3” decay
® half-life 28.79 years

® decay energy 0.546 MeV

® distribute an electron, an antineutrino,
and the yttrium isotope v,

* %Y undergoes [3” decay
® half-life 64 hours

® decay energy 2.28 MeV

® distributed to an electron, an
antineutrino, and *Zr (zirconium),
(stable).

e 9937y is almost a pure beta

Strontium-90 test source in tin

General
Symbol 90gy particle source;
Names strontium-90, 90Sr, Sr-90 ® the gamma photon emission from the
Protons (2) 38 decay of Y is so infrequent that it can
Neutrons (N) 52 normally be ignored. -

https://en.wikipedia.org/wiki/Strontium-9o0
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Table 1: Potassium-40 content in food

Food Becquerel (Bq) per 500 grams

Red meat 56

Carrot 63

White potato 63 Brazil nuts also naturally
Banana 65 contain radium-226
Lima bean 86 (between 19 and 130 Bq
Brazil nut 103 per 500 grams.)

Source: Handbook of Radiation Measurement and Protection, Brodsky, A. CRC Press 1978

The human body also contains several radioactive isotopes. The table below contains a list of some of the isotopes
naturally found in the body. https://www.cdc.gov/nceh /radiation/nonionizi

ng radiation.html
Table 2: Radioactive isotopes in the body (70 kg adult)

Isotope Amount of radioactivity in Bq e
Uranium 2303 (2] (3

Thorium 0.21 2

Potassium-40 4,000 2

Radium 226 1.1 2

Carbon-14 3,700 2 https://www.cnsc-

Tritium 23 4 cesn.ge.ca/eng/resources/radiation/ty

pes-and-sources-of-radiation/#sources

Polonium-210 40 2 3


https://www.cnsc-ccsn.gc.ca/eng/resources/radiation/types-and-sources-of-radiation/
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https://www.cdc.gov/nceh/radiation/nonionizing_radiation.html

R,

Decay schemes

One example of gamma ray production due to radionuclide decay is the 60
27 0

5.272 a 0.31 MeV B~ 99.88%

decay scheme for cobalt-60, as illustrated in the accompanying diagram.

. . 60 .., 60 .. .
First, Co decays to excited Ni by beta decay emission of an electron .

of 0.31 MeV. Then the excited *°Ni decays to the ground state (see LA L TEDLL A ¢
nuclear shell model) by emitting gamma rays in succession of 1.17 MeV
followed by 1.33 MeV. This path is followed 99.88% of the time:

1.3325 MeV y

0Co — SN + e +y_ +y+ 117 MeV

* 60 -
SONi — SONi + 4 + 1.33 MeV &N

Radioactive decay scheme of 60Co &

Another example is the alpha decay of 241Am to form 23?I\Ip; which is
followed by gamma emission. In some cases, the gamma emission

spectrum of the daughter nucleus is quite simple, (e.g. 60ColaoNi) while in

other cases, such as with (241Amf237Np and 192Ir/’192F’t

), the gamma
emission spectrum is complex, revealing that a series of nuclear energy

levels exist.
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Silicon and pn junction

pn junction Depletion region
/

p region n region p region / n region

() A valence electron moves (3) A valence electron moves

(D A free electron

into 4th hole and leaves into 2nd hole and leaves :
a 5th hole. a 3rd hole. S
valence shell.
® A valence electron moves\ @) A valence electron moves \(2) A valence electron moves pregion  Depletionregion  nregion
into 5th hole and leaves into 3rd hole and leaves into 1st hole and leaves (& - -+ 4 R
6th hol. 4th hol & T
a 6th hole. —\ a 4th hole. 5 C Y )
N4

b : xe,_@O

LTI ((—)

(a) Transient current at initial application of reverse bias

p region Depletion region n region

When a valence electron moves left to right to fill a hole while leaving another hole behind, the hol
has effectively moved from right to left. Gray arrows indicate effective movement of a hole.

FIGURE 2-4 Hole current in intrinsic silicon.

(b) Current ceases when the barrier potential equals the bias voltage.

FIGURE 2-7 Reverse bias.
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Following Oliver Keller

e project website: github.com/ozel/DIY_particle_detector
» Wiki, gallery, measurement & simulation software, new "Discussions" forum
e many more details and references in scientific article:

» Keller et al. (2019) Smartphone and Tablet-Based Sensing of Environmental
Radioactivity: Mobile Low-Cost Measurements for Monitoring, Citizen Science, and
Educational Purposes. MDPI Sensors, 19(19), 4264.
https://doi.org/10.3390/s19194264

¢ related citizen science projects:

» www.safecast.org
> www.opengeiger.de ("Geiger caching")

e follow me on W 0zelot for updates ;-)



