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Radioactive decay

@© Neutron @ Proton

Pavel Pernicka / Gamma spectrometry

Alpha Decay

Releases alpha particle

Beta Decay

Releases electron (B)
or positron (3*)

Gamma Decay

Releases
gamma rays

Unstable nucleus - spontaneous

decay

3 main types, gamma often

accompanies alpha and beta
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Gammad transition

Energy levels .
iy Transition between nucleus energy

2626,10 keV states

2 505,74 keV

215880 keV

Allowed transitions — characteristic

photon energies (useful)

During de-excitation from previous

process
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Nickel-60 ground state
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Example: °°Co
Decay:

60 € i a _
Co P > OONi* + e + Ve .
De-excitation:

ONi* — ®°Ni + 71 + 7o,

£=1173 keV £,=1332 keV
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Gamma-ray spectrum (Cobalt-60 — measurement 4)

Measured spectrum
Fitted spectrum

lgnored region
——= Detected peaks
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Where can we find gamma-ray energies?

Gamma

. Ey, ly.(abs)
[keV] [%6]
34714 7 0.0075 4
82610 5 0.007a &8

NW73.2285 998535
1332.£92 4 99,9826 6
2158357 5 0.0012 2

22056392 5

International Atomic Energy Agency Database

0.0000020 4

Initial level
[keV]

2505.748 4

21538.612 2

22503748 4

1332.508 4
21538.612 21

25035748 4

JT[

Final level

[keV]
2158.612
1332.508
1332.508
0.0
0.0
0.0

Mult. o or

E2] 0.00557 8

M 1+E2 095 0.000337 i85
E2(+M3)  -0.0025 22 0.0001722 25
E 0.0001625 25
E2] 0.000439 7
A 8.63E-5 12
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How to medsureit

—

— e e




CrossTadlk ...

My handheld spectrometer

Analog frontend

Integrated DC-DC step-up converter
Fast event detection (peripherals)
STM32

SIPM-based (modern way)
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Gamma
photon

1 keV

Scintillator

A=560 nm
e Current Voltage Shabin
—> pulse pulse =>haping,
CsI(T! —>» SIPM » TIA »| inversion,
sI(T1) = amplification
S Reset
................................. h 4
' Constant
: ' voltage
Histogram [€{ Check [«{ ADC € Peak hold [€—
Sy
Timer |
Counter || Interrupt | Trigger €=
DAC |- A
: Reference
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Scintilation crystadl

Csl(Tl) — commonly used in detectors
Slower impulse

Ca. 65 photons/keV
Green scectrum (maybe problem?)
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SIPM

licon PhotoMultiplier
Single photon detection

Alternative for PMT (tube)
Price: ~320 CZK

No high voltage,
Almost no saturation (*)

.. and analog frontend + MCU
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Cathode

Fast Output

Cathode

Fast Output

Circuit schematic of the SensL SiPM microcell,
showing details of the Fast Output.

Cathode

N

Fast Output

Anode

SensL SiPM component symbol.
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ORC

Results
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Internal signals
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Serial port /dew/ttyACMO

Live CPS
CPM

12 1170

counts per second

490

LOST/S

0.0

CPS Over Time

Connect

THRESHOLD MV

Disconnect

TOTAL

3382

DEAD TIME UsS

1

TRIGGER
external_timer

SPEC TOTAL

1037

IGNORED

2354

Gamma Spectrometer

Reset CPS graph

Debug Dose Impulses View

Connected: /dev/ttyACMO G U I

Settings Calibration

= [l

X

cps Detected peaks

bin | counts | voltage | energy
614 2 0,494800 290.24
836 5 0,673700 manual
1405 0 1,132200 manual
0 1854 1 1,494100 1500.00
s 2674 0 2,154900 2300.00
Fpounts 290 ke /p2 [}
28 2674 energy keVv Assign point 'l"gr.J"I.{fe”calli'i:.zlr.aﬁ-nr:; Send to device
a 0.975609756 b -308.780487805

Assigned calibration points

bin | energy keV
1854 1500,000000
2674 2300,000000

el I
2.47 33
Voltage (V)

0.00

Export CSV Calibration: a=0.975610, b=-308.780488, max residual=0.00 keV

Reset spectrum Export PNG
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Medadsured spectrum

Counts

Gamma spectrum - thorium rods vs background radiation
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Conclusion

Pros:

Cheap

Precise dose calculation
ldentification of strong isotopes

Cons:

Dark noise, analog noise (buck DC-DC)
Wide peaks

Limited range
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Any questions

Thanks for your attention

— S e

pavel@pernicka.cz
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Student Talk Evenings

=] Short presentations

[ [
InVItqtlon Variant topics from different people

— A Place for discussion

You can question freely and give your point of view

crosstalk_brno

crosstalk.cz

0)
~3 Informal atmosphere

Friendly and chill

Date will be announced soon — probably 10th
November at T12 building
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