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Introduction

In November 2015 a new laboratory for nuclear andirenmental research and for
development of nuclear technologies was establishatle Department of Nuclear Physics
and Biophysics at the Faculty of Mathematics, Ritsysind Informatics of the Comenius
University in Bratislava. This laboratory was givemame CENTA (Centre for Nuclear and
Accelerator Technologies). The facility is equippeith a system that is capable of various
ions production and their further application andlgsis. The main device in the laboratory is
an electrostatic linear tandem accelerator, whectiesigned for obtaining of ion beams with
acquired attributes (energy, intensity etc.). Thm&n scientific purpose of the laboratory is
the gradual implementation and consecutive utibrabf ion beam techniques and methods
primary in nuclear and environmental sciences. ilka is to extend the area of research on
new material development and surface treatmentadénals using ion beams.

The basic equipment of the laboratory consistswaf ton sources — Alphatross for
gaseous targets and MC-SNICS for solid targets\M3eMctrostatic linear tandem accelerator
Pelletron; electrostatic analyzer; two bending neagiand a magnetic quadrupole triplet.

The techniques that are being developed in thediwy can be divided in 3 groups:

1.) IBA — lon Beam Analysis, techniques for materiadl @ample analysis.

2.) AMS — Accelerator Mass Spectrometry, specifyingsoftope content in various
samples.

3.) IBM — lon Beam Modification, techniques for matésarface treatment, material

aging in high ion flows etc.

The thesis presents developments of IBA technicques their utilization in material
research. Basic and crucial characteristics of Béhniques are described. PIXE analyzes
have begun after successful installation of PIX&fPIchamber in September 2015. The
journey to presented achieved results containsatibration and optimization of whole
acceleration and detection system. Experimentalpsiistalled in the CENTA laboratory is
described and main ion optics devices highlightBesults of Pelletron transmission
efficiency measurements, SIMION simulations of inelibeam profile at the end of beam
line, calibration and optimization of PIXE/PIGE chiaer are presented. Results of performed

PIXE analyzes are concerned as well.



Goals of the dissertation thesis

The goals of the thesis may be summarized as fellow

(1) lon beam trajectory simulations using SIMIObdftsvare.

(i) lon source optimization for proton and heliummeams production using the
ALPHATROSS ion source, and for beryllium and carbeams using the MC-SNICS

ions source.

(i) Investigations of tandem accelerator transsions for protons, helium, beryllium and

carbon ions.

(iv)  Optimization of the analyzing beam line.

(v) Development of IBA techniques (PIXE, PIGE) Edemental analyzes of materials.

(vi)  Calibration methods and interpretation of aceg results.



Achieved results

Results of system calibration, optimization andyes can be divided into 4 categories:
A) Pelletron transmission efficiency measurements
B) lon beam profile simulations at the end of tlear line
C) PIXE analysis methods in the CENTA laboratory

D) Determination of H values for PIXE analyzes amalyzes themselves

A) Pelletron transmission efficiency measurements

The quality of stripping process is defined bynsmaission efficiency. In literature it is
possible to find different terms such as strippafficiency or stripping yield [Steier, 2000], or
charge state fraction [Winkler, 2015], or transnossefficiency [Maxeiner, 2015], but all of
them describe the same quantity. Transmissioniefity is used for description of stripping
process effectiveness for different ions and d#fifercharge states of a certain ion. Negative
ions enter stripping channel, i.e., volume of belame which contains stripper gas. Via
interactions with gas molecules, electrons aregsiripped from negative ions so the ions
become positive. Depending on the ion mass, thgpsir gas pressure and the energy of ions,
various final charge states of positive ions armadaccelerated in the second phase of the
tandem acceleration process. Consequently, iomsvgaious amount of acceleration so they
are leaving the Pelletron at different energiesowledge of the stripping process quality is
very important for analysis of ions and for furtlagplications.

The transmission efficiency was determinedféy*He, °Be and'’C ion beams. Protons
and helium ions were produced in Alphatross, bienylland carbon ions were produced in
MC-SNICS. The ions’ injected energy from the sosra@s set to 52 keV fdH and*He and
61 keV for°®Be and*?C. Pelletron is designed for maximal terminal vgétaof 3MV. Most of
the measurements were done for 6 values of ternaoidge: 1.5 MV, 1.8 MV, 2.1 MV, 2.4
MV, 2.7 MV and 3.0 MV. Results for protons and beili are shown in Fig. 1. Beryllium
results are displayed in Fig. 2. Measurements @sdlts of?C ion beam transmission
efficiency can be found in [Zeman, 2016] and alsme results forPBe and’C were
published in [Povinec, 2016].
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Fig. 2: Beryllium transmission efficiency values for albmitored terminal voltages. The stripper gas
pressure scale is the same in all graphs. Themiias®n efficiency scales are different for individ
charge states.

Maximal values of the transmission efficiencies ¥ “He, °Be and!?C ions are listed in
Table 1. Some maximal values were observed fosdime charge state at different terminal

voltages. These values are recorded both.



lon Charge | Terminal voltage Strip. gas Trgr)smission
state (MV) pressure {ubar) efficiency (%)

H 1+ 1.8 43 53.6+15
1+ 2.1 9 39.3+x1.1

‘He 2+ 2.1 51 62.6 £1.8
2+ 3.0 60 63.5+1.8

1+ 1.8 6 382+1.1

o 2+ 2.7 13 529+1.4

e

2+ 3.0 16 53.8+15

3+ 3.0 41 5.0+£0.2

2+ 1.8 11 423+1.1

12C 3+ 2.7 27 477+1.2
4+ 2.7 40 20.5+0.9

Table 1: Maximal measured values of transmission efficielocyindividual ion beams. Values for
smooth dependencies were taken from the highestydiut the efficiency was more-less stable at
wide range of stripping gas pressure.

B) lon beam profile simulations at the end of the éam line

Two main ion optics devices installed in the CENT&doratory at the end of current
beam line are magnetic quadrupole triplet lens (&%) switching magnet (SM). The aim of
simulations was to find out how the transverse beanfile changes at the end of the beam
line when passing through the QP and SM. For thipgse SIMION software was used. This
program enables user to create a models for iokesogevices for 2D symmetric and/or 3D
asymmetric electrostatic and magnetic fields. 3D DCAnodels were “installed” into
SIMION'’s workbench environment in proper geometRyg( 3). The SM's magnetic flux
density (B) was set in simulations to bend thesttry into 45° analyzing beam line. Next, in
the distance corresponding to the end of this blaey a target foil was placed to obtain
information about transversal beam profile afteisioncidence.

3.052 MeV*He?* ion beam was monitored. The initial transversagrofile was set to
symmetrical circular with Gaussian distributionand the center (position 0,0). The FWHM
was set to 5 mm. This value was selected becaissis tine assumption for transversal profile
of beam exiting the Pelletron and entering the ooy beam line. Transversal profile“fe?*
ion beam is shown in Fig. 4. This beam was pagsiraygh QP and SM in simulations.
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Switching magnet Quadrupole triplet

Fig. 3: SIMION workbench layout of simulations for SM ané @ side view with beam incoming
from the right into the QP. The target represergsiall plane which was used as target foil wheee th
beam profile was monitored. The target was planti2085 mm distance from the exit edge of SM
what corresponded to the real target distance iradalyzing beam line.
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Fig. 4: Transversal profile ofHe?** ion beam used in simulations (A), horizontal disien (B) and
vertical dimension (C). lons in the beam were Gamnsgistributed around the center — position (0,0).
The FWHM was 5 mm. The amount of ions was 10 000.

Various settings of QP were tested and finallyappropriate setting of QP’s magnetic
field flux density was found. Satisfying resulte ahown in the Fig. 5. The original beam
with 5 mm diameter was focused into smaller diamete- 1.4 mm. Currently (April 2017),
these settings are the best reached. With furttheisting of QP in simulations larger beam

diameters were observed.
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Fig. 5: Transversal profile dfHe?* ion beam (A), horizontal (B) and vertical (C) dinséon.



C) Development of the PIXE analysis methods in th€ENTA laboratory

A PIXE chamber was installed in the laboratorypi®ember 2015) thanks to the IAEA
funding. Details about the chamber can be foundZeman, 2016B]. The chamber is
equipped with a sample holder capable of mountog thick samples of about 2x2 cm
dimension. The holder can be rotated around itdcatraxis, so the angle how the incident
beam should hit the sample can be fixed. For tlaggehcollection, digital current integrator
(Ortec Model 439) is used. A schematic top viewwhef chamber is shown in Fig. 6 (left part).
The chamber itself is formed by a 6-way cross, @H&EGe detector (CANBERRA) and a
sample holder (NEC) are placed (detector endcap bmarseen in Fig. 6 on the right
photography). The detector has a carbon windowr{r6thickness). The detector is used for
detection of emitted X-rays covering the energygeafrom 3 keV to 3 MeV, with energy
resolution of 390 eV for 5.9 keV?¥e) and 1.8 keV for 1332 ke\2Co). Necessary vacuum

components (gate valves, turbo pump...) are instaltedell.

gate valve

beam profile
monitor

turbo pump

|

-

%H@ !

Faraday
cup

=

BEGe
detector

Fig. 6: Top view of the PIXE/PIGE chamber (left), and mmehpressed metallic powder samples
inside the chamber (right) [Zeman, 2016B].

The original installation of detector was chantgdr in summer 2016. The detector was
shifted outside from the chamber using additionipep The purpose was to improve the
detector background. At PIXE measurements, depgrafirthe parameters of used beam (ion
type, energy, intensity), and also on the targgteato the incident beam, various background
was observed in BEGe detector. The majority of timsvanted background originates from
the bremsstrahlung. The idea was to reduce thestehly shifting the detector further from the
interaction point. This geometry is shown in thg.Hi.
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Fig. 7: BEGe detector shifted using additional pipe. Thécap distance from the center of PIXE
chamber increased to 25 cm.

This shift had a positive effect on the backgroveduction (Fig. 8). The same beam (3
MeV protons, for the same time as after the shi$#®d before, created on the glass sample
higher background compared to the shifted situatidre increased distance, on the other
hand, resulted in detection efficiency loss. Thussl is acceptable, since the reduction of
background brought better resolution for low eresgiln Fig. 8, the gray spectrum
(corresponding to BEGe shift) exhibit better resioly so peaks in the beginning could be

resolved better.

10000
Glass sample
3 MeV proton beam measurement
1000+ —— before BEGe shift
—— after BEGe shift
12
c
3  100- :
o
10 1
i
L T
500 1000 1500 200!
Channel

Fig. 8: Background spectra before (black) and after (giia)BEGe detector shift.

The very important role in the PIXE measurementsyp the sample holder. For
analytical purposes, the total amount of ions whittuce the X — ray (or gamma) emission
have to be known precisely. This is obtained veadharge collection from the sample holder.
The holder is electrically insulated from the chambA thin wire mounted to the sample
holder is transferring the signal through the feealigh on the top of the chamber. The

12



incident ions bring a positive charge, which islected by this wire. The signal is processed
by Ortec digital current integrator with inaccuratyl % for low beam current (1 —2 nA).
Depending on the charge state of incident ions; #mount can be calculated.

In the CENTA laboratory, after the PIXE/PIGE beédine installation, the technique
development proceeded in 3 steps:

1.) BEGe detector calibration and efficiency determorat

2.) Additional adjustment for proper charge collection

3.) PIXE spectra interpretation

BEGe detector calibration and efficiency determinabn

BEGe detector calibration was performed usingbcaled X — ray variable sources and
gamma ray sources. The calibration was performecefiergy range up to ~ 60 keV. The
range was selected in order to observe X — rag lirmm the lower energy spectrum. In PIXE
measurements, only X — ray lines up to 30 keV H@eaen observed, as is described later.

The detector efficiency was determined using pemirces measurements and detector
efficiency modeled using DETMC software (createdlbg Guelph PIXE Group, Department
of Physics, University of Guelph, Canada). Thigwafe was supplied with the GUPIXWIN
software, which was a part of PIXE/PIGE beam lirekage. The DETMC program is a

Monte Carlo tool for calculating Si(Li), SDD, ance@etector efficiency.

70
+ Calibration standards
60 linear fit: Energy = A + B * Channel
A =-0.08226
50+ B = 0.02813
>
X 40-
3
5 30-
c
w
20+
10+
0

0 250 500 750 1000 1250 1500 1750 2000
Channel (#)

Fig. 9: BEGe detector energy calibration for 0 — 60 kehge

Calibrated point sources (with known activitieg}res placed at 25 cm distance from the

detector endcap. Each point source was measureddnaly and spectra were analyzed in

13



order to determine peak areas and then calculatalibolute efficiency. Unfortunately, the
sources’ energies that were at disposition staated 30 keV, thus the efficiency for lower
energies can be taken only from the model. At gnédgl keV the efficiency drops because
of germanium K-absorption edge. Energy of photoglase proximity to this value is more

likely to be absorbed.

o
o

BEGe detector efficiency for point source at 25 cm

o
SN
1

©
w
|

©
N
1

o
SN
1

* measured
modelled

Absolute detector efficiency (%)

o
o

0 5 10 15 20 25 30 35 40 45 50 55 60
Energy (keV)

Fig. 10: BEGe detector efficiency for point source at 25distance. The gray line represents the
modeled values (DETMC program). The black dotscateulated efficiencies from measurements.
Areas of some peaks used for evaluation were sthalefore some values exhibit higher

uncertainties (e.g. 37.35 keV).

Adjustments for proper ion charge collection

Information about accurate amount of particlesolwhnduce the X—ray emission have to
be known precisely in order to perform quantitatarelysis. Incident ions interact with the
sample which is mounted on a sample holder in$idePt XE chamber. The sample holder is
conductively connected via thin spring wire witlgithl current integrator (DCI). The DCI is
connected with the software which collects the datang the measurements (spectra, time
period, settings of MCA). The total amount of iassimportant in element concentration
calculations.

For quantitative analyzes, the charge collectiad to be done precisely. The original
setup for sample holder inside the chamber (Fighé,right photography) did not include
system for secondary emitted electrons suppressias. phenomenon plays important (and
negative) role in the charge collection procesdat of positive ions causes emission of
secondary electrons. In this process, as the re$uectrostatic induction, the irradiated

material is charged positively. This excess of esicharge is collected by the DCI together

14



with the positive charge brought by the incidem team. Therefore, after conversion of
collected charge, it seems that the beam is forimgednore particles than it really is.
Consequently, misleading results are obtained frgemple composition analysis. The
negative effect of secondary electrons emissionbeasuppressed using more methods. In the
CENTA laboratory, option for secondary electrongsession electrode was chosen.

Fig. 11: Front and top view of the supr;ressor electrodewas installed into the chamber

The design of this suppressor electrode is basedSMMION simulations. More
combinations of rod thickness, diameter of thesiagd vertical distance of the 2 rings were
simulated. Finally, 5 mm thick rod, 80 mm diamegtérings and their vertical distance of 30
mm came out as the most suitable solution for tieenber conditions. The SIMION model
and results of simulations are shown in the Figize

100

80

60

40+

Suppression (%)

20+ ¢ Suppression

Fit

0 -5IO -1I00 -1:50 -2IOO -250
Voltage (V)

Fig. 12: SIMION model of secondary electrons suppressientedde. The model in
3D SIMION view (left) and result of simulations felectrons suppression depending
on the voltage of the electrode (right). The suggian was calculated as ratio of
difference between amount of created electronseandped electrons to amount of

created electrons.
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PIXE spectra interpretation and concentration calcuations

In the CENTA laboratory the PIXE measurementstari@g performed using proton or
helium beam. Energy of protons is chosen as 3.08¥ MV = 1.5 MV, 1+ charge state) and
energy of helium 4.552 MeV (TV = 1.5 MV, 2+ chagate).

X — Rays are detected by BEGe detector and thealsigare processed through
preamplifier into MCA and software which collectetdata. Measured spectra are analyzed
using software GUPIXWIN, which was developed in wémsity of Guelph, Canada
[Maxwell, 1989], [Maxwell, 1995], [Campbell, 2000]Campbell, 2010]. GUPIXWIN is a
program for the non-linear least-squares fittingPoXE spectra and the subsequent derivation
of element concentrations from the areas of X-regkg in the spectrum. The output from the

program can be seen in the Fig. 13 (exemplarydigur

Thin film (SrF2) measurement

Cougte |
| ’ with 4.552 MeV helium beam

180% I
1o f}
140 '
120

100
80
60

40 \

20

n \ Moral Uy, r;w;?"‘%."-:'\'-'4.‘~n"“wu.---'-u,.w,‘n" W b 2 g f i st iod i o
20 4.0 6.0 80 100 120 140 160 180 200 220 240 260 28.0 Energy

Fig. 13: GUPIXWIN fit of thin film (SrF) measured spectrum

The GUPIXWIN fit the spectrum considering manytfas. The database includes: X-ray
energies and emission rates, element densitiesatomic weights, ion induced X-ray
production cross-sections, proton stopping powphgmtoelectric cross-sections and X-ray
mass attenuation coefficients. Within the calcolati GUPIXWIN computes also corrections
for escape and summation peaks.

Peak areas could be converted to element contensan absolute way, i.e., without
standards, if the aspects of the analyzing systeolid( angle, detector thickness, beam
proportions, etc.) are given into GUPIXWIN. Thatasfundamental parameters" approach.

Alternatively all analyses could be conducted reéatto single-element standards or to
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standard matrices containing various trace elemé&his X-ray intensity or yield (principal X-

ray line),Y (Z,M)for an elemenZ in a matrixM can be written:

Y (ZM) =Yy, (Z,M) % CyxQxfys QuexT (1)

where:

Y1t is the theoretical (from GUPIXWIN database) inténsr yield per micro- Coulomb of
charge per unit concentration per steradian;

C; is the actual concentration of elemgnh matrix M;

Q is the measured beam charge or quantity prope@itibereto; if the latter, thefp converts
the Q to micro- Coulombs; if the former thefy is 1.0 assuming proper electron
suppression at the target;

Q is the detector front face solid angle in stemaslia

¢ is the intrinsic efficiency of the BEGe detector;

T is the transmission through any filters or abslbetween target and detector.

The equation (1) includes multiple possible fagtathich influence the final element’s
concentration. In the CENTA laboratory, no filtene used between the sample holder and
detector, thusl equals to 1.0. Parameteisand Q can be combined into an instrumental
constant H, which characterizes the PIXE detection systeme Wpproach taken in
GUPIXWIN employs the physics database together witlsingle quantity of H value.
Depending on the system characterization this devéd a constant or it is function of X-ray
energy. Implementing these facts, the element caratéon using the equation (1) can be
calculated as follows:

Y (Z,M)

C, =
27 Y, (ZM) » HxQ* ¢

(@)

Measured X-ray yield is converted to concentrafiamall elements fitted. The detector
efficiency was determined in section before. Inldi®ratory, both thin and thick samples are
being analyzed. Thin samples are considered aslesmyih thickness insufficient to stop the
beam completely. Incident particles (in our casg@rs or helium ions) can penetrate through
the sample. These ions have to be collected as seell Faraday cup was placed at the end of
the beam line. For thin samples, this Faraday capt sample holder’'s charge signals were
collected by the current integrator. Thicknessha¢k samples is sufficient to stop the beam,
thus no ions penetrate through these samples anavhiiole charge is collected from the

sample holder.
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D) Determination of H values and PIXE analyzes

The H values for thin and thick samples were deiged from measurements of thin
films supplied by MICROMATTER™ Company (Table 2)dapressed powder samples
prepared in our laboratory (Table 3). Measuremamie performed under same conditions.
The geometry setup scheme for the measuremenispiayed in Fig. 14. The figure displays
a top view of the chamber with sample holder, beaction and BEGe detector position.

The measurements were performed using the 3.052 pMetddn beam, and later using 4.552
MeV *He?* ion beam.

film Fe Cu Ga Sr Cd Sn
Thickness 49.8 48.8 23.4 549 45.3 52.4
(Hg/cn)
Thickness| .., 54.5 39.6 208 52.4 2.1
(nm)

Table 2: The thickness of thin films stated by the manufaastwith 5.0 % accuracyfy/cn?) and
calculated values in nanometers.

Powder Fe Cu Zn Ag
Weight (g) 2.07 2.08 1.35 1.52

Table 3: Weights of powders used for preparation of thioksged samples.

@ Beam

BEGe

PIXE chamber

Sample tilt: 10° to detector
80° to beam

Fig. 14: A scheme of the geometry setup for thin film meameants (a top view).

Results of H value determination for thin and thgdmples are shown in the Fig. 15. For

proton measurements energy dependency was obsétebdm analysis exhibits more-less
constant values.
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Fig. 15: Results of H value determination for thin and thst&ndards using 3. 052 MeV
proton and 4.552 Me¥He?* beams. Dash line at 0.02831 was added for betgination

of difference from constant value.
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Concentration of iron in a rat brain sample

The CENTA laboratory has already been cooperatiitly several research institutions.
In cooperation with Medical faculties of the ComenUniversity in Bratislava and Martin a
rat brain slice was received to determine iron eatrations and map its distribution in the
slice. The aim of this study has been to evaluateentrations of iron in this slice on various
spots. It is expected that the iron in the ratrbmaas produced by electromagnetic radiation
similar to one generated in mobile telephones. dlieerved effects in the brain tissue may be
due to electromagnetic radiation, which causesamggtation of iron in the tissue. A map of
iron distribution with measured concentration (whimay be regarded as a simple nuclear
microscopy map) should provide important informatitor further medical research. At
present it is not well understood how this ironlaggerates in the brain tissue, but there are
hypotheses that the electromagnetic radiation naange this effect, [Terzi, 2016], [Kaplan,
2016], [Kostoff, 2013].

A thin slice of the rat brain (+8n) was prepared for investigation. The slice wéeched
on a thick silicon wafer. Consequently, due to SEMasurements, a thin gold layer (~ 30
nm) was deposited on the surface of the tissue.sé@h@ple was then inserted into the PIXE
chamber of the CENTA laboratory for investigatioResults of this analysis are shown in
Fig. 16.
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Fig. 16: Iron (Fe) concentration in rat brain sample. Meadwspots on the sample are labelled as RBO
- RB10, Si wafer was measured as well. Some opdséions were analyzed twice (Al and A2
labels). The evaluated Fe concentration for comedimg spots exhibits the same values.
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Ongoing experiments

Many more samples were analyzed in the laboratsiryg the PIXE system. Some of the
spectra were obtained before the mentioned adjutnfeetector shift, electrode installation).
These experiments are ongoing, and the samplehavit to be measured again. Only some
gualitative information about samples’ compositican be retrieved from current status of

these analyzes (April 2017).

PIXE analysis of meteorites

Canyon Diablo iron meteorite from Arizona was gmal by helium PIXE beam. Iron
and copper peaks are well visible (Fig. 17). Newlygses are in preparation with adjusted
geometry and lower beam intensity to suppress #ukdround. Plan is to perform PIXE
measurement in new condition in the chamber witbper charge collection and lower
background to possibly observe more elements. Albsabncentration of individual elements
will be hopefully determined after applying H vaduier thick samples.

Counts

first PIXE spectrum of the Arizona meteorite
100000 4.5 MeV helium beam, ~20 nA, 250 s

10000
1000
100

10

300 600 900 1200 1500 1800 21.00 2400 27.00 Energy (keV)

Fig. 17: First PIXE spectrum of the Canyon Diablo iron meitedrom Arizona. PIXE conditions as
described in figure. The measurement was performtidhigh beam intensity without charge
collection and before the adjustments in the PIX&naber.

PIXE analysis of uranium in zirconium mineral

Zirconium mineral was analyzed by PIXE using thetgn beam (Fig. 18). Plausible
presence of more elements is described in thedigomment. This material is being analyzed
in order to test whether via PIXE technique it wbbé possible to determine uranium content
in this mineral. The idea is to detect low concatidns of this element in various geological
samples as well as in reactor fuel materials (fasasurements in the case of uranium

smuggling). The recent measurements showed thatDGMM was able to find uranium
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peak in the measured spectrum, however, it hasbeen possible yet to calculate its
concentration because uranium L-lines lie in tlggame of zirconium K-line energies. It seems
that a different approach should be taken in ondesearch for uranium in zirconium

minerals, namely a use of a high resolution Siatetdor low-energy X-rays.

PIXE spectrum of the zirconium mineral:
Counts 3 MeV proton beam, very low intensity < 5pA,
sample tilt 10°, 0.01 micro Coulombs

1000

100 l\’

[T !

3.0 6.0 90 120 150 180 210 240 270  Energy (keV)

Fig. 18: PIXE spectrum of zirconium mineral. The PIXE coiadit as described in the figure. The
GUPIXWIN output with data and fit is displayed. @nium Ko lines are well visible together with
escape peaks. Small amount of Hf can be visibleetigL-lines at 7.9, 9.0 and 10.5 keV).

Problematic is overlapping with Zr escape peakssite Ti presence in 4.5 — 4.9 keV region, but
more probable is it a Zr escape peak. Presenceof/élty plausible. GUPIXWIN found itsoLline at
13.6 keV, but it lies in the “tail” of Zr K line. The other uranium L lines lie in the Zr Kdis, region;

15.7 - 17.7 keV.

PIGE measurements

Although the beam line is equipped with PIXE/Pl@&iector, because of the absence of
the radiation shield around the PIXE/PIGE chambeairesst neutrons, detail PIGE
investigations have not been carried out yet, yasy preliminary estimations. It is planned
that all of the beam lines after the switching nmetgmill be shifted to the bunker so reactions
with production of neutrons could be carried ouwad.

First PIGE spectrum was measured from Teflon teyméch is rich on fluorine (Teflon —
PTFE). The 3 MeV proton beam was used for this oreasent, spectrum is displayed in Fig.
19. Protons were non-elastically scattered onltleihe nuclei what can be seen from visible
lines at 110, 197, 1236 and 1349 keV. Reactions wibtons took placéF (p, py), as
described in [Kiss, 1985]. Possibly other materwigh suitable proton reactions will be

analyzed in the near future.
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100000
PIGE spectrum of Teflon tape
110 kev 3 MeV protons, measured for 130 s
197 keV
10000+
g 511 keV
3 1000+
O
1236 keV 1349 keV
100+
10 , : , . :
0 250 500 750 1000 1250 1500

E (keV)

Fig. 19: PIGE spectrum of Teflon (PTFE) tape. Detected garines with energies 110, 197, 1236

and 1349 keV indicat¥F (p, pYy) reactions. 511 keV annihilation line was dete@sdvell. PIGE

analyzes have not been performed yet, only sonwrspeere measured in order to test the detector
for possible further PIGE analyzes.
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Summary

The main results achieved in this thesis can bersanmaed as follows:

Transmission efficiencies fdH, “He, °Be and!’C ions were determined for different
values of terminal voltage, and their dependencéhenstripper gas pressure was observed.
Individual ions exhibit different behavior, depenglion the charge state, terminal voltage and
nitrogen pressure (the stripping gas). A commonufeaof all dependencies is a successive
increase of the transmission efficiency with insieg stripper gas pressure to a certain point
followed by a decrease of the transmission efficyetowards higher stripper gas pressures.
This decrease is stronger for lower charge stédkés'{ °Be!* and'%C?*). Towards to higher
charge states this decrease is less evident amunlescmore flat (charge staté#de’*, °Be?*
and even more folBe>* and for?C*"). The reason for such behavior is that with insireg
the stripper gas pressure, both the electron stgpgwhich affects the transmission
efficiency) and the ion scattering on moleculeshaf stripper gas are rising. Each ion has a
combination of charge state, energy (guided by tdeninal voltage of the tandem
accelerator) and a certain value of stripper gasgure at which the scattering process starts
to reduce the final transmission efficiency. Theosth decrease of transmission efficiency for
higher charge can be used for better stabilityoof beams at these regions of stripper gas
pressure for various applications, e.g. for ioadration or for applications of IBA techniques,
which require stable ion beams. Working in theablstregions, the transmission efficiency is
not affected by slight changes in the strippermgassure.

Simulations of*He?* ion beam transversal profile were performed us8iylION
software. The beam trajectories through the magrepiadrupole triplet lens (QP) and the
switching magnet (SM) were simulated. The finalrbearofile was monitored at the target
distance (~2 m from the SM exit) in 45° channel.ddis of these devices were created using
the 3DCAD software Autodesk Inventor. Such modelsrew placed into SIMION'’s
workbench and the ions were flown through the systEhe initial beam profile was circular
with Gaussian distribution (5x5 mm FWHM), and theain trajectory was in the axis of the
beam line. Magnetic field of SM was simulated se fieam hit the center of target foil. For
3.052 MeV*He?* ion beam the SM’s magnetic field flux density v@844.7 Gauss. Different
setting of QP was simulated in order to obtain ssclibeam at the target distance. Various

settings of QP exhibited both focusing as well afodusing effects on the beam profile.
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Finally, proper setting of QP was found and focu4ge* ion beam with 1.4 mm diameter
was simulated.

The PIXE chamber was installed in September 2F15tly, the BEGe detector was
calibrated using point radioactive sources covetitggenergy spectrum of the detector. Three
different settings of MCA’s amplifier were calibeak;, for low energies (up to ~ 60 keV), for
medium energies (up to 500 keV) and for high emsrgup to 3 MeV). Only results for low
energies are stated in this work because the atfeenot important for purposes of PIXE
measurements performed in the laboratory (theylvélused for PIGE analyzes). First PIXE
analyzes were performed on Slovak coins and labgraPIXE standards consisting of
pressed clean metallic powders (Ti, Fe, Cu, Zn Ag)l [Zeman, 2016B]. Each metallic
powder mixture was prepared using a pneumatic geegsrm flat, coin-like, pellets. These
analyzes had mostly qualitative character; we vabte to observe a presence of elements in
the samples and estimate the possible concentrabmparing with the pressed powders
standard samples. As we have found out later, ¢dihgposition of such prepared mixtures is
not uniform. We performed multiple PIXE measuremseon different spots of each mixed
powder sample and observed different relative ammagons of elements present in one
sample depending on the measured spot. Thereforethick samples, another pressed
powders samples were created using only single exlepowder to form pressed pellets.
Nevertheless, the very first PIXE analyzes of Skoeains taught us how to interpret the
measured PIXE spectra and also how important ignbe/ledge of detector specifications.

For further fully quantitative PIXE analyzes, soagjustments in PIXE chamber had to
be done. At first, in Slovak coins analyzed we obseé high bremsstrahlung background.
Therefore the BEGe detector was shifted into ladigiance from the interaction point (center
of the PIXE chamber). The new distance from thrg@eincreased from original 2.5 cm to 25
cm with impact on the background suppression. Th&ance was chosen for further
analyzes, and is used currently (April 2017), ai. Wext, additional electrode was installed
into the PIXE chamber. Its purpose is to suppriasssecondary emission of electrons after
ion impact on the sample surface. This is imporfantquantitative PIXE analyzes due to
proper charge collection process. SIMION simulagiowere used to find the proper
dimensions of this electrode. The final shape antedsions had to be suitable into the inside
of the chamber and satisfy the SIMION simulatiossvall.

Quantitative PIXE analyzes require knowledge ef pnecise detector efficiency in order
to retrieve information about absolute concentratiomf element constituting monitored

samples. For this purpose, BEGe detector efficiewag both measured and modelled.
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Results are shown in Fig. 10. The modelled efficyelbelow 5 keV drops below a reasonable
value. Therefore, quantitative analyzes of X—ragkWw 5 keV is complicated. This means
that direct quantitative PIXE analysis can be penfed starting with vanadium for K lines
(4.952 keV) and praseodymium for L lines (5.033 keWowever, employing special
strategies in sample treatment and spectra evafuan reach lower X—ray energies, and
even the detector efficiency can be “bypassed’gugiall-defined standard samples.

For direct quantitative analyzes a knowledge ofdtie is crucial together with detector
efficiency. Depending on the detection system ditare&ation, the energy dependency of H
value can be observed. In well-defined systemHhalue should be constant, independent
on the X-ray energy. Any missing parameter or nespreted parameter can lead to
dependency on the energy. In CENTA laboratory, Hies for thin and thick targets were
determined separately. Individual values were dateed using pure elemental standards.
Both, proton and helium beams were monitored andl fH values for individual X-ray
energies were determined using GUPIXWIN software. thin samples, H value for protons
exhibits energy dependency, but H value for hellbmam is more-less constant. For thick
samples, only H values for protons were determimethuse of technical issues (difficulties
with Alphatross ion source). These H values exhériergy dependency similar to thin
samples measurements. Determined H values can dxk fos further PIXE analysis of
different materials.

A special sample of rat brain slice was analyzeidgithe PIXE technique. This sample
forms a special layered system of material whichld¢ddave been analyzed by GUPIXWIN.
The 3 MeV proton beam with 1.5 mm diameter waszétil for this analysis. The rat brain
slice mounted on a silicon wafer and covered by tiold film was placed into the PIXE
chamber, and thin proton beam PIXE analyzes wer®noeed on 12 different spots across
the sample surface. The goal was to determine rive concentration in this sample.
GUPIXWIN was used for all analyzes and the finah@antrations of iron in rat brain slice
were determined on monitored positions with valupgo 50 ppm, showing a clear gradient
of concentrations.

Achieved results concerning development and atilin of IBA techniques show the
range of taken effort to obtain reliable conclusio®nly 4 years before the laboratory hall
was built (February 2013), then it was equippedhvigindem accelerator and other units, and
recently, PIXE measurements begun. The fact, thair@an concentration in a biological
sample was determined reveals potential use oftékisnique, and next steps are directed to

nuclear microprobe utilization.

26



References

[Alph, 2011]
[Bend, 2011]

[Borysiuk, 2014]

[BPM, 2011]

[Bykov, 2012]

[Calligaro, 2001]

[Campbell, 2000]

[Campbell, 2010]

[Carella, 2014]

[Calzolai, 2015]

[Chéne, 2012]

[Chu, 1978]

[Dapor, 2016]

National Electrostatics Corp., Instiioa manual No. 2JT002110 for RF
Charge Exchange lon Source. Middleton, 2011.

National Electrostatics Corp., Instmc manual No. 2BA020240 for
Analyzing magnet injection beamline. Middleton, 201

Borysiuk M. et al., Evaluation @f setup for pNRA at LIBAF for
applications in geosciences, Nuclear Instrumentshdethods in Physics
Research B, vol. 332, p. 202—-206, Elsevier, 2014.

National Electrostatics Corp., Instiaot Manual No. 2ET908110 for
Operation and Service of Beam profile monitor maddEM81 (Integral
collector). Middleton, 2011.

Bykov 1. et al., Investigation of tiim analysis methods for ion
microbeam application, Nuclear Instruments and Méshin Physics
Research B, vol. 273, p. 251. Elsevier, 2012.

Calligaro T. et al., ERDA with axternal helium ion micro beam:
Advantages and potential applications, Nuclearimsénts and Methods
in Physics Research B, vol. 181, p. 180, Elsevied1.

Campbell J.L., Hopman T.L., Maxw&lA., Nejedly Z., The Guelph
PIXE software package Ill: Alternative proton daiad, Nuclear
Instruments and Methods in Physics Research B,Ivdl, p. 193 — 204.
Elsevier, 2000.

Campbell J.L., Boyd N.l., Grassi, Bonnick P., Maxwell J.A., The
Guelph PIXE software package IV, Nuclear Instrureeartd Methods in
Physics Research B, vol. 268, p. 3356—-3363. Else2@.0.

Nuclear reaction analysis as a toothe®He thermal evolution in
Li>TiOs ceramics, Nuclear Instruments and Methods in lBRyResearch
B, vol. 332, p. 85-89, Elsevier, 2014.

Calzolai G. et al., ImprovementsRIXE analysis of hourly particulate
matter samples, Nuclear Instruments and Metho@hysics Research B,
vol. 363, p. 99-104, Elsevier, 2015.

Chéne G. et al., New external beairparticle detection set-up of Liege
cyclotron — First applications of high energy beamsultural heritage,
Nuclear Instruments and Methods in Physics ReseBrchol. 273, p.
209. Elsevier, 2012.

Chu W.-K., Mayer J. W., Nicolet M.-ABackscattering spectrometry,
Academic Press, Inc., San Diego, 1978.

Dapor M., Abril 1., de Vera P., GadVlolina R., Energy Deposited by
Secondary Electrons Generated by Swift Proton Bedhrsugh
Polymethylmethacrylate, International Journal ofe@iical, Molecular,
Nuclear, Materials and Metallurgical Engineeringl.v10 (8), p. 992.
World Academy of Science, Engineering and Techngl@§16.

27



[Denker, 2005]

[EL1, 2017]
[EL2, 2011]

[ERDA, 2016]
[ESA, 2011]

[ESXY, 2011]
[FC50, 2011]

[Guillou, 2014]

[Kaplan, 2016]

[Karydas, 2014]

[Kiss, 1985]

[Kostoff, 2013]

[NPL, 2017]

Denker A. et al.,, High-energy PIXBing very energetic protons:
quantitative analysis and cross-sections, X-RaycBpa., vol. 34, p.
376-380, Wiley, 2005.
online: http://en.wikipedia.org/wiki/Ezel lens
National Electrostatics Corp., Instiaot Manual No. 2ET067180 for
Operation and Service of EINZEL LENS Model EL76-®diddleton,
2011.
online:_http://www.spirit-ion.eu/v1/&ject/Techniques/ERDA.html
National Electrostatics Corp., Instraot manual No. 2EA071000 for
ESA, INJECTOR. Middleton, 2011.

National Electrostatics Corp., Instian Manual No. 2ET903100 for
Operation of Electrostatic steerers. Middleton,201
National Electrostatics Corp., Institmit manual No. 2ET952300 for
Faraday cup model no. FC50. Middleton, 2011.

Thermal behavior of deuterium impied into nuclear graphite studied
by NRA, Nuclear Instruments and Methods in Phy§tesearch B, vol.
332, p. 90-94, Elsevier, 2014.

Kaplan S. et al., Electromagnetitdiand brain development, Journal of
Chemical Neuroanatomy, vol. 75, p. 52—-61. Elseed,6.

Karydas A. G. et al., In-depth edeal characterization of Cu(ln,Ga)Se
thin film solar cells by means of RBS and PIXE tadaes, Nuclear
Instruments and Methods in Physics Research B, 381, p. 93-95,
Elsevier, 2014.

Kiss A. Z. et al., Measurements ofatile thick target yields for PIGE
analysis on light element in the proton energyrirge2.4 — 4.2 MeV, J
Radioanal Nucl Chem, vol. 89, p. 123-141. Sprin4685.

Kostoff R.N., Lau G.Y.C., Combindalological and health effects of
electromagnetic fields and other agents in the iphéd literature,
Technological Forecasting & Social Change, vol. $0,1331-1349.
Elsevier, 2013.
available online at National Physicalabdratory webpage:
http://www.kayelaby.npl.co.uk/atomic_and_nuclearygbs/4 2/4 2 1.
html

[Magalhdes, 2012] Magalhdes S. et al., High precisietermination of the InN content of

[Manuel, 2014]

[Martin, 2012]

Al1, In,N thin films by Rutherford backscattering spectrenpeNuclear
Instruments and Methods in Physics Research B, 268, p. 105.
Elsevier, 2012.

Manuel J.E. et al., Fish gelatinnthilm standards for biological
application of PIXE, Nuclear Instruments and Methoah Physics
Research B, vol. 332, p. 37-41, Elsevier, 2014.

Martin G. et al., Irradiation damagdfects on helium migration in
sintered uranium dioxide, Nuclear Instruments anetidds in Physics
Research B, vol. 273, p. 123. Elsevier, 2012.

28



[Martin, 2003]

[Mathayan, 2016]

[Maxeiner, 2015]

[Maxwell, 1989]

[Maxwell, 1995]

[Mayer, 2012]

[MicroM, 2017]
[Morilla, 2012]

Martin J. W. et al., The Local Chexali Analysis of Materials, Pergamon
Materials Series, vol. 9, p. 112. Elsevier, 2003.

Mathayan V., Balakrishnan S., Baafii B., Lattice location of & in
ion implanted Fe crystals by Rutherford backscateispectrometry,
channeling and nuclear reaction analysis, Nucleetruments and
Methods in Physics Research B, vol. 383, p. 47Ekkvier, 2016.

Maxeiner S. et al., Simulationiof beam scattering in a gas stripper,
Nuclear Instruments and Methods in Physics ReseBrchol. 361, p.
242, Elsevier, 2015.

Maxwell J.A., Campbell J.L., Teetal&V.J., The Guelph PIXE software
package, Nuclear Instruments and Methods in Phyasearch B, vol.
42, p. 218 — 230. Elsevier, 1989.

Maxwell J.A., Teesdale W.J., Camiplel.., The Guelph PIXE software
package Il, Nuclear Instruments and Methods in RyResearch B, vol.
95, p. 407 — 421. Elsevier, 1995.

Mayer M. et al., Rutherford backseattg analysis of porous thin TiO2
films, Nuclear Instruments and Methods in Physiesdarch B, vol. 273,
p. 83. Elsevier, 2012.
webpage of the company: http://wwvicnematter.com/xrf.php
Morilla Y. et al.,, Developing theBA equipment to increase the
versatility of the CNA, Nuclear Instruments and Neds in Physics
Research B, vol. 273, p. 221. Elsevier, 2012.

[Msimanga, 2012] Msimanga M. et al., Heavy ion g@ydpss straggling data from Time of

[MS-Y, 2011]

[Nakai, 2015]

[Nastasi, 2015]

[NRA, 2016]
[Ortega, 2010]

[Paneta, 2014]

Flight stopping force measurements, Nuclear Insgnisiand Methods in
Physics Research B, vol. 273, p. 6. Elsevier, 2012.

MS-Y] National Electrostatics Corpnstruction manual No. 2EA032940
for Magnetic Steerer. Middleton, 2011.

Nakai K. et al., Boron analysis fautron capture therapy using particle-
induced gamma-ray emission, Applied Radiation aadopes, vol. 106,
p. 166-170, Elsevier, 2015.

Nastasi M., Mayer J.W., Wang Yn beam analysis: fundamentals and
applications. CRC Press, Boca Raton, 2015.
online: http://www.spirit-ion.eu/v1l/Bext/Techniques/NRA.html

Ortega-Feliu I. et al., A comparatstudy of PIXE and XRF corrected
by Gamma-Ray Transmission for the non-destructharaxcterization of
a gilded roman railing, Nuclear Instruments and Wdds in Physics
Research B, vol. 268, p. 1920-1923, Elsevier, 2010.

Paneta V. et al., Study of4iMg (d, p, 1, 9 reactions at energies and
angles relevant to NRA, Nuclear Instruments andhdeés$ in Physics
Research B, vol. 319, p. 34-38, Elsevier, 2014.

29



[Patronis, 2014] Patronis N. et al., Study %Mg(d,cb) reaction at detector angles
between 90° and 170°, for the energy rangesEL660-1990 keV,
Nuclear Instruments and Methods in Physics Resdargbl. 337, p. 97—
101, Elsevier, 2014.

[Pellegrino, 2012] Pellegrino S. et al., The JANNSS&clay facility: A new platform for
materials irradiation, implantation and ion beamalgsis, Nuclear
Instruments and Methods in Physics Research B, 208, p. 216.
Elsevier, 2012.

[Pelletronl, 2017] online: http://www.pelletron.cator.htm

[Pelletron2, 2017] online: http://www.pelletron.coragion.htm

[Pelletron3, 2017] online: http://www.pelletron.cfrnarging.htm

[Petersson, 2012] Petersson P. et al., Nucleatioeagnd heavy ion ERD analysis of wall
materials from controlled fusion devices: Deuteriamd nitrogen-15
studies, Nuclear Instruments and Methods in PhyRiesearch B, vol.
273, p. 113. Elsevier, 2012.

[Pichon, 2010] Pichon L., Beck L., Walter Ph., Maggd B., Guillou T., A new mapping
acquisition and processing system for simultanddiX&-RBS analysis
with external beam, Nuclear Instruments and MethadsPhysics
Research B, vol. 268, p. 2028-2033, Elsevier, 2010.

[Povinec, 2015] Povinec P. et al., A new IBA-AMSbdmatory at the Comenius
University in Bratislava (Slovakia), Nuclear Instrants and Methods in
Physics Research B, vol. 342, p. 324. Elsevier5201

[Povinec, 2015B] Povinec P. et al., Developmenth& Accelerator Mass Spectrometry
technology at the Comenius University in Bratislaviluclear
Instruments and Methods in Physics Research B, 86L, p. 88.
Elsevier, 2015.

[Povinec, 2016] Povinec P.P., Masarik J., JeSkowdkyBreier R., Kaizer J., Panik J.,
Richtarikova M., Starek J., Sivo A., Zeman J., Recent results from the
AMS/IBA laboratory at the Comenius University in dislava:
preparation of targets and optimization of ion sesar J Radioanal Nucl
Chem, vol 307, p. 2101-2108. Springer, 2016.

[Reiche, 2006] Reiche I. et al., Analyses of hydmgdn quartz and in sapphire using
depth profiing by ERDA at atmospheric pressure:mparison with
resonant NRA and SIMS, Nuclear Instruments and btithn Physics
Research B, vol. 249, p. 609. Elsevier, 2006.

[Sério, 2012] Sério S. et al., Incorporation of INTIiO2 films grown by DC-reactive
magnetron sputtering, Nuclear Instruments and Mithom Physics
Research B, vol. 273, p. 110. Elsevier, 2012.

[SIMION, 2017]  SIMION 8.0 user manual, chapter SIMION Basics, available online:
http://simion.com/manual/chap2.htmi

[Steier, 2000] Steier P., Exploring the limits ofERA: A universal facility for
accelerator mass spectrometry, dissertation, p64574nstitut ftr
Isotopenforchung und Kernphysik, VERA Labor, Vieng@0o0.

30



[Suarez, 2011]

[Switch, 2011]

[Terzi, 2016]

[Tripathy, 2010]

Moreno-Suarez A. 1. et al, Comlgnimon-destructive nuclear
techniques to study Roman leaded copper coins Ripen(ll-I centuries
B.C.), Nuclear Instruments and Methods in Physiesdarch B, vol. 269,
p. 3098-3101, Elsevier, 2011.

National Electrostatics Corp., lastion manual No. 2BA017470 for
Switching magnet. Middleton, 2011.

Terzi M., Ozberk B., Deniz O.G., KaplS., The role of electromagnetic
fields in neurological disorders, Journal of Chemhideuroanatomy, vol.
75, p. 77-84. Elsevier, 2016.

Tripathy B.B., Rautray T. R., Reayt A. C., Vijayan V., Elemental
analysis of silver coins by PIXE technique, Appli&hdiation and
Isotopes, vol. 68, p. 454-458, Elsevier, 2010.

[Wiedemann, 2015] Wiedemann H., Particle accelenahysics, 4 edition, Graduate text in

[Winkler, 2015]

[Zaloznik, 2016]

[Zeman, 2016]

[Zeman, 2016B]

[Zucchiatti, 2015]

physics, p. 12, Springer, 2015.

Winkler S. R. et al., He strippifigr AMS of 236U and other actinides
using a 3 MV tandem accelerator, Nuclear Instrusiemd Methods in
Physics Research B, vol. 361, p. 461, Elsevier5201
Zaloznik A. et al., In situ hydrexy isotope detection by ion beam
methods ERDA and NRA, Nuclear Instruments and Mitha Physics
Research B, vol. 371, p. 167-173, Elsevier, 2016.

Zeman J., JeSkovsky M., Panik J.ni&k J., Povinec P.P., Pelletron
transmission efficiency measurements fi#e and *?C ions at the
CENTA laboratory, Acta Physica Universitatis Conaarae, vol. 53, p.
95-100, Bratislava, 2016.

Zeman J., JeSkovsky M., Kaiser Riiz& J., Povinec P.P., Stéek J.,
PIXE beam line at the CENTA facility of the Comesilniversity in
Bratislava: first results, J Radioanal Nucl Chengl. v309, DOI
10.1007/s10967-016-5004-1. Springer, 2016.

Zucchiatti A. et al., Building &ngerprint database for modern art
materials: PIXE analysis of commercial painting ah@wing media,
Nuclear Instruments and Methods in Physics ReseBrchol. 363, p.
150-155, Elsevier, 2015.

31



UNIVERZITA KOMENSKEHO
FAKULTA MATEMATIKY, FYZIKY A INFORMATIKY

Zoznam publika¢nej ¢innosti

Mgr. Jakub Zeman
ADC Vedecké prace v zahraninych karentovanychéasopisoch

ADCO01 Povinec, Pavel P. [UKOMFKJFB] (10%) - Masardkzef [UKOMFKJFB] (10%) - JeSkovsky, Miroslav
[UKOMFKJFB] (20%) - Kaizer, Jakub [UKOMFKJFB] (20%)Sivo, Alexander [UKOMFKJFB] (5%) -
Breier, Robert [UKOMFKJFB] (5%) - Panik, Jan [UKOMBFBd] (5%) - Stardiek, Jaroslav
[UKOMFKJFB] (5%) - Richtarikova, Marta [UKOMFKJFBB%) - Zahoran, Miroslav [UKOMFKEF]
(10%) - Zeman, Jakub [UKOMFKJFBd] (5%): Developmehthe Accelerator Mass Spectrometry
technology at the Comenius University in Bratislava
Lit. 50 zazn., 9 obr.

In: Nuclear Instruments and Methods in Physics BeseSection B - Beam Interactions with Materials
and Atoms. - Vol. 361 (2015), s. 87-94
Registrované wvos, scopus

ADCO02 Povinec, Pavel P. [UKOMFKJFB] (10%) - Masardkzef [UKOMFKJFB] (10%) - JeSkovsky, Miroslav
[UKOMFKJFB] (10%) - Breier, Robert [UKOMFKJFB] (10p6 Kaizer, Jakub [UKOMFKJFB] (10%) -
Péanik, Jan [UKOMFKJFBd] (10%) - Richtarikova, MaftaK OMFKJFB](10%) - Stariek, Jaroslav
[UKOMFKJFB] (10%) - Sivo, Alexander [UKOMFKJFB] (20) - Zeman, Jakub [UKOMFKJFBd]

(10%): Recent results from the AMS/IBA laboratotyttee Comenius University in Bratislava: prepanatio
of targets and optimization of ion sources

Lit. 50 zazn.

In: Journal of Radioanalytical and Nuclear ChemjistiVol. 307, No. 3 (2016), s. 2101-2108
Registrované wvos, scopus

ADCO03 Zeman, Jakub [UKOMFKJFBd] (50%) - JeSkovdiyroslav [UKOMFKJFB] (10%) - Kaiser, Ralf
(10%) - Kaizer, Jakub [UKOMFKJFB] (10%) - Povin&avel P. [UKOMFKJFB] (10%) - Statek,
Jaroslav [UKOMFKJFB] (10%): PIXE beam line at thENCTA facility of theComenius University in
Bratislava: first results
Lit. 30 zazn., 5 obr., 2 tab.

In: Journal of Radioanalytical and Nuclear Chemistivol. 311, No. 2 (2017), s. 1409-1415
Registrované vscopus

AED Vedecké prace v domacich recenzovanych vedeckyebornikoch, monografiach

AEDO1 Panik, Jan [UKOMFKJFBd] (20%) - JeSkovsky rddilav [UKOMFKJFB] (20%) - Kaizer, Jakub
[UKOMFKJFB] (20%) - Zeman, Jakub [UKOMFKJFBd] (20%WPovinec, Pavel P. [UKOMFKJFB]
(20%): Investigations of aluminium compounds agé#s in the SNICS ionsource of the CENTA
laboratory
Lit. 6 zazn., 14 obr., 5 tab.

In: Acta Physica Universitatis Comenianae-New SeNél. 53. - Bratislava : Comenius University Rres
2016. - S. 83-94. - ISBN 978-80-223-4197-4

AEDO02 Zeman, Jakub [UKOMFKJFBd] (20%) - JeSkovdiiroslav [UKOMFKJIFB] (20%) - Panik, Jan
[UKOMFKJFBd] (20%) - Stargiek, Jaroslav [UKOMFKJFB] (20%) - Povinec, Pave[BKOMFKJFB]
(20%): Pelletron transmission efficiency measuresér 9Be and 12Cions at the CENTA laboratory
Lit. 8 zazn., 2 obr., 3 tab.

In: Acta Physica Universitatis Comenianae-New Seiél. 53. - Bratislava : Comenius University Rres
2016. - S. 95-100. - ISBN 978-80-223-4197-4

AFD Publikované prispevky na domacich vedeckych kderenciach

AFDO01 Zeman, Jakub [UKOMFKJFBd] (100%) : Korekcee efekty ovplyviujace koincidetiné merania 22Na

32



v aeroséloch atmosféry Bratislavy

Lit. 8 zazn., 12 obr.

In: Studentska vedecka konferencia FMFI UK, Bratial 2013 : Zbornik prispevkov. - Bratislava : Fékul
matematiky, fyziky a informatiky UK, 2013. - S. B3- - ISBN 978-80-8147-009-7

[Studentska vedeckéa konferencia FMFI UK 2013. Blatia, 23.4.2013]

AFG Abstrakty prispevkov zo zahraninych vedeckych konferencii

AFGOL1 Povinec, Pavel P. [UKOMFKJFB] (10%) - Masadkzef [UKOMFKJFB] (10%) - Holy, Karol
[UKOMFKJFB] (10%) - JeSkovsky, Miroslav [UKOMFKJFE10%) - Breier, Robert [UKOMFKJFB]
(10%) - Sivo, Alexander [UKOMFKJFB] (10%) - Staak, Jaroslav [UKOMFKJFB](10%) - Kaizer,

Jakub [UKOMFKJFB] (10%) - Panik, Jan [UKOMFKJFBd]0®0) - Zeman, Jakub [UKOMFKJIFBd]
(10%): A new AMS laboratory at the Comenius Uniitgrsn Bratislava

In: AMS-13 The Thirteenth International ConferemeeAccelerator Mass Spectrometry : Programme and
Abstracts Handbooks. - Marseille : Aix - Marselllaiversity, 2014. - S. 27

[AMS 2014 : Accelerator Mass Spectrometry : Intéioyal Conference. 13th, Aix en Provence, 24.-
29.8.2014]

AFH Abstrakty prispevkov z domacich vedeckych konfeencii

AFHO01 Panik, Jan [UKOMFKJFBd] (15%) - JeSkovsky rdilav [UKOMFKJFB] (15%) - Kaizer, Jakub
[UKOMFKJFB] (15%) - Povinec, Pavel P. [UKOMFKJFB]g%) - Richtarikova, Marta [UKOMFKJFB]
(15%) - Sivo, Alexander [UKOMFKJFB] (15%) - Zemalakub [UKOMFKJFBd](10%): Development of
methods for assessment of radionuclides arounataupbwer plants using accelerator mass spectrgmetr
In: 36th Days of Radiation Protection : Book of &bsts. - Bratislava : Slovak Medical Universit@12.

- S. 96. - ISBN 978-80-89384-08-2
[Days of Radiation Protection 2014. 36th, Poprdd;114.11.2014]

BFA Abstrakty odbornych prac zo zahraniénych podujati (konferencie, ...)

BFAOL1 Povinec, Pavel P. [UKOMFKJFB] (9%) - Masarilozef [UKOMFKJFB] (9%) - JeSkovsky, Miroslav
[UKOMFKJFB] (9%) - Breier, Robert [UKOMFKJFB] (9%)Kaizer, Jakub [UKOMFKJFB] (9%) -
Kov&sik, Andrej [UKOMFKJFBs] (8%) - Panik, Jan [UKOMFKBE] (9%) - Richtarikova, Marta
[UKOMFKJFB] (9%) - Sivo, Alexander [UKOMFKJFB] (9%)Stanéek, Jaroslav [UKOMFKJFB] (9%)
- Zeman, Jakub [UKOMFKJFBd] (9%) - Steier, Peté¥}t Priller, Alfred (1%): Accelerator mass
spectrometry laboratory at the Comenius UnivensiBfiatislava: first results
Lit. 4 zazn., 1 obr.

In: ENVIRA 2015 : International Conference : Envirnental Radioactivity [elektronicky zdroj]. -
Thessaloniki : Aristotle University, 2015. - negfr.s.] [USB Kc]
[ENVIRA 2015 : Environmental Radioactivity : Intextional Conference. Thessaloniki, 21.-25.9.2015]

Statistika kategorii (Zaznamov spolu: 9):

ADC Vedecké prace v zahr&nich karentovanycBasopisoch (3)

AED Vedecké prace v domécich recenzovanych veddéck§ornikoch, monografiach (2)
AFD Publikované prispevky na domacich vedeckycHéwmmciach (1)

AFG Abstrakty prispevkov zo zahr&niych vedeckych konferencii (1)

AFH Abstrakty prispevkov z domacich vedeckych koefeii (1)

BFA Abstrakty odbornych prac zo zahramych podujati (konferencie, ...) (1)

28.4.2017

33



