Joint Institute for Nuclear Research
Flerov Laboratory of Nuclear Reactions
University Center

STAGE 3 INTERNATIONAL STUDENT

Flerov Laboratory of Nuclear Reactions



Joint Institute for Nuclear Research
Flerov Laboratory of Nuclear Reactions
University Center

PROJECT TITLE

 HPGe — detector for energy measurements of gamma-activity
 Study of the operation principles of X-ray detectors
 Moseley’s Law In Action

» Alpha Spectroscopy
SPEAKER SUPERVISORS

Mohamed A. Lasheen, g-ll_\/lindibae
Egypt . Lukyanov




Introduction
3 Types of semiconductor detectors

1. X-ray detector 2. HPGe Gamma detector

3. Alpha Si spectroscopy detector



History of Moseley’s Law

* Inhisearly 20’s, he measured and plotted x-ray frequencies for about
40 elements of the periodic table and was described by Rutherford as
his most talented student.

« Based on his experiments, this is known as Moseley's law
E=a(Z-b)?
where a and b are constants depending upon the particular spectral line,
E is the energy of characteristic x-ray and Z atomic number.

* Moseley volunteered for combat duty during World War | and was
Killed in action at the age of 27 during the attack on the Gallipoli in
the Dardenelles.

Henry G.J. Moseley’s
1887 - 1915



Moseley Plot of characteristic X-rays

 His data Moseley plot is still standard feature of  Photographic recording of Ko and KB x-ray
physics textbooks (Figure 1). emission lines for a range of elements (Figure 2).
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Adapted from Moseley's original data (H. G. J. Moseley,
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Fig. 1 Moseley plot of characteristic X-rays Fig. 2 Moseley step ladder of elements



Applications of Moseley’s Law

« Any discrepancy in the order of the elements in the periodic table can be
removed by Moseley's law by arranging the elements according to the
atomic numbers and not according to the atomic weights.

 Moseley's law has led to the discovery of new elements like hafnium
(Z=72), technetium (Z=43), rhenium (Z=75) etc.

» This law has been helpful in determining the atomic number of rare earths,
thereby fixing their position in the periodic table.



General view of the X-ray spectrometer




Preparation for measurement

1. Cool the detector, fill the vessel with liquid nitrogen.
2. Place a calibration source In the detector.
3. Calibrate the energy X-ray spectrometer.




X-ray specter Eu-152




Z
Am 95

Si 50

Ba 56

Mn 25

Y 39
Th 90
Cd 48

Cs 55

Eu 63

24.21

30.973

5.415

14.165

22.163

32.194

40.118

Moseley Law in action

L
13.946

3.287

4.286

0.572

1.806
15.236
2.984

4.466

5.636

Table 1: Energies of K («) and K () transitions in keV
and elements listed with increasing atomic number obtained from

nuclear data.
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Figure 4: K (o) and K () lines fit to Moseley’s Law. We confirm the
functional form of the law but different values for the constants (a & b).
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Calculation and results.

E =30.64 keV
A & B = constants obtained from Ko
Moseley’s plot.

E=a(Z-b)?
Z=E 4 b

a

_/30.64
0.0115 +4.0137

=55.60

Nuclear data: Z = 55.60
Element 1s Cs



Wisibvle

Radio Microwaves Infrared itraviolet H-ray Gamma Ray

Lowr Freguency High Freguency

VAVAVAVAVAVAVAVRV AT

Long Wavelfength Short Wavelength

Visible Light
Extreme
Gomma roys X-rays Ultraviolet UHraviolet Infrared Rodia

_!Lngﬂrnms l]_'I.i. 100A '?'IE!L 3, 2004 70004 10000,0004 (Tmm)




Main detectors used for gamma
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General view for HPGe Detector
To identify for Z and A




Gamma spectra
calibration

2421106
44353

1M II'I I i II'I n
kaHsnkel



Use of Nuclear Data

Search

The Lund/LBNL Nuclear Data Search
Version 2.0, February 1999

S.YF. Chul, L.P. Ekstrom-2 and R.B. Firestonel

T [ BNL, Berkeley, USA
¢ Department of Physics, Lund University, Sweden

TERI
k3

WWW Table of Radioactive Isotopes

Radiation searc

Atomic data (X-rays and Auger electrons, very preliminary!)
Periodic chart interface to the nuclides

Summary drawings for A=1-277 (PDF)
MNuclear charts (PDF, 333 kbyte)
Database status

Tol

=

Table of Isotopes (Tol)

About this service
Tol home page

The data are properly referenced as given in the database status panel. Please give your feedback
on the usefulness of and suggestions on how fo improve the Tol service.

Help and instructions are given with a "pop-up help” system: -

TEI%E WWW Table of Radioactive Isotopes
— Radiation search
Energy: £1 kel
Type: O Alpha @ Gamma
Parent:
T1/2: s - - 5 -
Mass number: 152 - 152
L 63 or Element: Eu
N: |—
Sortby: @ Energy, Intensity A, 7

Main page | Nuclide search




Gamma spectra of unknown

source
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Gamma spectra of 2-nd unknown source
To Identify to know tow unknown sources
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Disintegration chain of “°Ra
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Alpha-spectroscopy Silicon detector




Alpha-spectroscopy Silicon detector
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Silicon detector

Radiation
Preamplifier
FASTER-ADC
Measurement

of thickness of
Aluminium foil



Mechanical way:
measurement of thickness of al-foil by balance weighting

L=28,9 cm
H=7,8cm
M=0,5287 g

S= L*H= 225,42 cm?

D= M/S= 2,345 mg/cm?

p= 2698,4 mg/cm3

D/p= 8,69 pm
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Measurement of thickness of Al-foil (d)
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Nuclear way Measurement of thickness of Al-foil (d)

. MEF.L
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Calculations of error
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