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.-..Due to the short range of alpha particles, traditional
detectors which require direct interaction with the alpha
particles must be used in very close proximity to a
contaminated surface, around 1 cm...”

Crompton et al (2018), Sensors, 18, 1015; doi:10.3390/s18041015

M\ (=

MAGYAR AGRAR- ES
ELETTUDOMANYI EGYETEM

« Attacks on nuclear power plants

* deployment of the dirty bomb (have a shocking effect on public
opinion.)

» the poisoning of Litvinenko with the alpha emitting isotope 210-
Po. He was an agent of the KGB and then the Federal Security
Service. He died on 26th November 2006 , London.

* Previous serious reactor accidents (Chernobyl, Fukushima)

....Alpha particles represent the biggest risk to soft biological tissues
compared to all nuclear decay products due to their high energy, large mass and
high linear energy transfer. The amount of deposited energy is about 2 000 000 to
6 000 000 times higher than that of an ordinary chemical reaction (ordinary chemical
energy used by the cells in the body), thus implying that a single alpha particle has
the ability to severely damage or kill all cells within its range (typically, two to four
cells). Therefore, the release of alpha emitting radionuclides in the environment,
such as by nuclear terroristic attacks or transportation accidents, as well as by
severe emergencies in nuclear installations, represents the greatest radiological
threat for human beings if they enter the human body.. -

....A detection system to measure large-scale contamination of
these radionuclides is currently not available...”

(Publishable Summary for 19ENV02 RemoteAlpha) 4/9
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...New instrumentation for the optical detection of alpha particle emitters in the environment...” (Newsletter: October, 20:
[his is a passive method

‘0 develop and establish a calibration system for the novel-type radioluminescence detector systems.

‘0 extend the optical detection system to an imaging functionality for mapping of alpha contaminations in the environme
ng tripod and unmanned aerial vehicle (UAV)

easibility study for an active, complementer method, namely laser-induced fluorescence (LIF) spectroscopic method for
detection of alpha emitters

*Publishable Summary Publishable Summary

hitps:.//www.euramet.org/research-

innovation/search-research Remote and real-time optical detection of alpha-
projects/details?tx_eurametctcp project%5Bproje emitting radionuclides in the environment

ct%5D=1687&cHash=c8e79ec377e929c4b2f6a63 (19ENV02). Call 2019 0.22 MB



Figure 3. Model of: (a) Radioluminesoence photons indwoed by alpha partickes showing the hemisphere
in which they ane initially created by the alpha particles; (b) Showing the random directions in which
the photons are emitted from the hemisphere in (a) and their longer path length—Using FRED Optical
Engineering Software (Photon Engineering LLC) [11]. Reprinted with permission from the author.
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The main emitter is
molecular nitrogen (and
also nitrogen ion)

The air is a poor
scintillator. Oxygen and

water vapour quenche
the radioluminescence !!!
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Remaote optical detection of alpha particle sources

Sergly M Baschenks

6/9
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Fig 1. Spectum of sunlight reaching the earth’s swrface (black) conmrasted with the
radiohuminescence of N; (Zray) m the wavelength range 280 nm - 400 nm The solar
iradiance (AM1.5 Global nilt [11]) 1s displayed on a loganithnuc scale, while the N, emissions
are shown on 2 linear scale At wavelengths longer than 200 nm the solar imadiance spectrally
overiaps with the radiolununescence of N,.

.-..EXcitation of NO by excitation transfer via interaction with N2
molecules appears to be able to explain our data. In this process,
molecular nitrogen in the long-lived N2 state excites ground state
nitric oxide to the NO state, while the N2 molecule loses its
excitation and decays to the ground state...”

___Vol. 26, No. 25 | 24 Dec 2018 | OPTICS EXPRESS 33770 _ |

Oplics EXPRESS

~— 7T
nitric oxide
radioluminescence
15k -
G y
a 1 B
¥ 10p -
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] e PR e rtre: i werr
200 250 300 350 400

wavelength (nm)

Fig. 4. Radiohuminescence spectrum of gas @ gas nuxture contaming 50 ppm of NO dilwed
N;. The mitnc oxide emassion is about 25 times stronger than N emission and most of the NO
enussion lines are located in the solar blind spectral region

Table 1. The intensity of radioluminescence between 200 nm ~ 400 nm for three different
£as environments. The intensity is expressed in relation to the intensity found in normal
air, hizhlizhting the improvement in photon yield by changing gases. The energy
conversion efficiency shows how much of the energy deposited in air by an alpha particle
1s emitted as hight

Gas emvironment RadolumEnescence Energ) copversion Reference
mrensity Efficiency



using a gas mixture of N2 +NO in UV-C solar blind range M/m
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> 10! Radioluminescence mapping of 2*'Am-doped environmental samp!
o UVv-A and nuclear materials
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Fig.1 Typical alpha radioluminescence spectrum measured in dry air UV-C spectral region can be enhanced by more than three orders
at normal emperature and pressure (NTP) and N, +NO gas atmos- of magnitude by purging the space around the alpha source with
phere with 2 ppm NO. In air, more than 95% of the total intensity N,+NO gas mixture. The spectra are measured with a CAS140D
is contained in the UV-A and UV-B spectral region (within 310 nm spectroradiometer at the PTB lon Acceleration Facility (PIAF) with
to 400 nm), while the intensity of UV-C radioluminescence (below a narrowly collimated beam of 5 MeV alpha particles. The intensities
280 nm) is very low (<5%). The radioluminescence signal in the are normalized to the 337 nm spectral line of air radioluminescence
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» (a wide field-of-view (FOV) imaging system
in conjunction with an

intensified CCD camera (hereafter, CCD-

based imaging system)

« a narrow FOV Galilean-type telescope
combined with a cesium-telluride
photocathode photomultiplier (hereafter,
scanning PMT system).

The distance between the detection
system and the sample was between
0.4 to 0.53 meter.

Nuclear Inst and Methods in Physics Ressprch, A 987 (2021) 164821

a)
radioluminescence optical detection
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Fig. 1. (color online) (a) Schematic of the WO imaging setup, Badioactive material
is placed either on the able or indde a steed chamber, The detection system is placed
between 0.4 o 0.53 m away from the sample. (b) Quantum eficiency curves of the
used detectors (HOCD camera and cesium-telluride photocathode photomuld plier tube)
and transmission of the UV-C filbers.
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Fig. 3. (color online) UV-C radioluminescence imaging of 3.7 MBq source (lower panel)
and a photograph of the sample in the experimental chamber (upper part). The alpha
source was placed on 3 stee] chamber with a quartz window, flushed with N, (6.0
purity) at a rate of 5 I/min. The NO concentration was 50 ppb.
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fig. 6. (color online) Image of a wide area reference alpha-emitting source composed
f the uranium isotopes U-234, U-235 and U-238, with a total activity of 330 Bq over
m active area of 19.1 x 11.9 an?. The concentration of NO at the N, atmosphere
vas about 3 ppm. The scene was scanned using scanning PMT system at about 0.4 m
listance with a resolution of 1 deg and 30 s integration per point.

E.S Krasnigi T. Kerst, M. leino et al

an average signal level of about 75 cps and a noise level of about 31
cps. To the best of our knowledge, this is the lowest activity imaged
using UV-C radioluminescence to date. The present results indicate that-
optimizing such imaging techniques can push the detection limit even
further down and such techniques might also be used for determination
of legal limits in the future.
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[er’)
.- --the feasibility of detecting low activity in environmental samples by
measuring their radioluminescence with the optical detection system ...”
331:5401-5410
» As calibration standard, pitchblende minerals were
prepared

eV A

homogeneity of the alpha-emitter distribution on the
pitchblende samples

Fig.3 Alpha-track of sample L

» alpha-spectroscopy was performed using a grid after 1 min exposure
. . : . . Raw data shown in (a). Adjustin %
ionisation chamber (GIC). with P10, a gas mixture of e theshold gmcr:,e)sab’,ack‘_g 8 WS SR
0 0 white-image (b). The tracks are . , RS e P T
90% argon and 10% methane, at a pressure of 1.025 T g g bt e B
bar. analysed. For this example, the y ; 2 S Wahs
number of tracks was counted. It S5 R CWR T
is 548 on a total area of 2.49 mm S AR i -
. by 1.87 mm ot N Y P e N
Preparation : i %o
Pitchblende bearing ores from different locations with a R SN S~ e -,

comparatively high uranium content were cut mto 5 mm’
thick slices with a micro-waterjet. The resulting surface 1s
flat but not polished. The shape of the samples 1s irregu-
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N

6.0 cm . = 3.3 cm

OISR

1.8cm 1.0cm 3.5cm 2.2 cm 1.5cm 2.5cm

Fig.4 Alpha-Track-Images of three different samples homogencously distnbuted over the entire surface area. Areas contain-
Except for A and E from sample Mix the alpha-emitters are ing much uranium and its daughters are labelled with “U™

5406 Journal of Radicanalytical and Nuclear Chemistry (2022) 331:5401-5410
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Fig. 5 GIC-Spectra of pitchblende samples J, K. L. M and Mix They show a large amount of low energy :dpha particles due to self-

The measurement time was normalized to 3000 s for each spectrum absorption. Numbers identify suctides of the U decay chain whereas
letters identify nuclides of the **U decay chain
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for
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Fig. 1 The optical scanning system
The optical system is mouated at a distance of 2 m away from the
sample. Depending on the kind of measurement, the gas chamber can

Journal of Radioanalytical and Nuclear Chemistry (2022) 331:5401-5410

24 cm Quartz lens

[1

Gas D pitchblende
chamber

L]

Goniometer

be filled with air or different gas mixtures like N, and 10 ppm NO. The
PMT and comresponding set of filters is changed for measurements in
UVA and or UVC

Fig. 7 Amangement of different
puichblende samples and UVA-
Scanmarfor 64 h
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Fig. 6 Radiolumunescence scans

The measurement in UVC yields the highest intensity for all samples
(upper row) and the biggest radioluminescence glow. Both measure.-
ments @ UVA have a smaller glow due to the smaller field of view

Mix

g . '

The background rate 1s higher as for measurements i UVC. Using the
artificaal atmospbere (middle row) Jeads to a three times higher signal
than measuring in 2ir (Jower row). All samples have a sinular surface
activaty and a stamlar photon count rate

Table 5 Companson of surface alpha count rate with photon count

uvC UVA (CPS) UVA

(CPS) air

(CPS)

5408
:o :: rates of the radioluminescence measurements
” & . Sample GIC (CPS)
~200 & 20 £ <
s K 1520(39)
L 1023(32
s 323 Mix 1493(39)

1E6 3E3 6El
2E5 3E3 1E2
4E5 4E3 SE1
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For all measurements in the UV-C spectral region, the Hamamatsu
PMT with CsTe photocathode (H11870-09) was used with bandpass
interference filters having a bandwidth of 16 nm and center wavelength
of 260 nm (FF01-260/16-25, Semrock Inc.).

In the UV-A spectral range,
Hamamatsu PMT with ultra-bialkali photocathode (H10682-210) was
used with interference filters centered at 337 nm with a bandwidth of
10nm (# 65-128, Edmund Optics). Both PMTs were selected for a very
low dark rate, i.e. the UV-C PMT has a dark count rate of less than 15!,
while the UV-A has less than 10s~.

* high-quality UV fused silica (UVFS) lens, for tripod
.and the other two were

+ PMMA (Poly(methyl 2methylpropenoate) Fresnel
lenses for UAV

M. Luchlov, V. Dargendorf, U. Glesen & ol
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Fig. 2 (a) Schematic drawing of optical systems developad In the framework
RemoteALPHA project. Both, the UVFS md PMMA Fremellens systems share |
sane configuration: they utilize large mworiving optics to maximize the geametrs
factor, and the focal lengths have been chomn such that the radiduminescence ima
is not blurned substantially by the overlapping FOVs between adjacent scanning poin
(b) Tranamittance spectm of UVFS [22] and PMMA [23] together with the M
count snsliivity (24 ,25) specified by the facturer. (¢) Radiok e emiesi
spectrum of NO messwred at the PIAF at & nominal alphs panicle rate of abe
0 x 10757 with a PITBcalbrated srmay spectroradiometer with UV-C and UV-A il
transmision (26,27]. The Mow rae of N,+NO was sef al 2200ml.ma with }
cancentration of 5 gl L',
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(a)

(b) W

K]
PMMA Fraane! lenses

Fig. 3. Lew bmed radolumissscence deleclion setupe (8) Fowd silica les (Abet
Techeologie) system mounied ce 3 gonlonwier and roticn stage (Newpoet M
BGMIGOPE and RVSSOCO) with Iy = 20mm and fiyy betwesn 572 0 to 559 mm
in & wovelength moge from 2363m to 285, respectively. (b) PMMA Fremd lens
sysesss with lenses (Omafol Fresnd Optics) havieg dumeterss D, » 452 9mm (SC 2045)
and D; » 25T6mm (SC 210), =d scesnal focal lesgths /, = VI Smm and f; »
22550 x Morm All Jaw syenm can be couplad 10 Hamamata: PMTs (H10682-210
for UV-A speciral range md H11570.09 for UV-C specin] moge) and UV-C filsers
(FIO1.260/1 625, Semock Inc) or UV-A fillers (337 em, 10 nm band pass fikers from
Edmund Oplics)



The radioluminescence mapping capability is demonstrated with the
UVES telescope which has been used to obtain the radioluminescence
image of (a) deceleration of alpha particles at the exit port of the
PIAF microbeam, (b) dedicated Am-241 sample designed to simulate
an extended alpha source, and (¢) low activity pitchblende minerals
with surface activity between 80 Bgecm™ and 105Bgcm™2.

» The detection efficiency of all systems

has been measured at the PTB lon Accelerator Facility (PIAF) where
alpha particles with a rate from 5 x 10* s to about 4.5 x 107s?,
collimated to a beam size of 100 um x 100 um, have been accelerated to
energies up to 8.3MeV.

* The relationship between radioluminescence

PR P e LV R e LT A P e

photons and alpha activity is calibrated with a dedicated 210-Po
activity
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In all cases, the radioluminescence count rate is linearly propor-
tional to the alpha particle rate. At a reference distance of 2m between

the radioluminescence source (ie., the cuvette in which the alpha
particles are stopped) and the receiving optics, both lens systems

capture a part of the alpha particle path length around the Bragg peak
(i.e., the last 3cm of their path). Since the energy loss curves around
the Bragg peak are similar for energies between 5MeV and 8.3MeV

used in these experiments, the sensitivity of both systems is relatively

independent of the alpha particle energy. This observation can be seen
in Fig. 6, where the radioluminescence count rates measured with
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Tuble 1
Comparison between calculated sensit ivitles using Eq. (1) and those measured with the three Jens-based radioluminescence detection systems.
Detection system Lens materfal Filters PMT Calculated sensitivity Measured sensitivity
(s MBg") (s'MBg)
UVFS in LV-C UV fused silica 2 filters Hamamtsu 36 3426
(FFO1-260/16-25, H1187009
Semrock Inc.)
UVFS in UV-A UV fused slica 2 filters Hamamisu 3810 Not measured
(65-128, H10682-210
Edmund Optics)
Fresnel 1 n UV-C PMMA 2 filters Hamamisu 18 17 x3
(FFO1-260/16~25, H11870-09
Semrock Inc.)
Frespel 2 n UV-A PMMA 2 filters Hamamisu 4500 3400 + 500
(65-128, H10682-210
Edmund Optics)

5= 12+ [ Y- Told) - T (D) - Ty (D) - QE Q) - (1)

where 02 is the solid angle in steradians, Y (4) photon yield expressed
in photons per alpha particle [5], 7,.(4) is the transmission of the
source enclosure (quartz cuvette for the beam), 7,_.(4) is the lens
transmission, T, (4) is the filter assembly transmission, and QE(4)
is the quantum efficiency of the PMT in counts per photon. Filter
transmission and quantum efficiencies of PMTs can be found on the
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Fig.4 The radioluminescence mapping procedure of the 49 kBq
9Py source measured in air from a distance of 2 m. The depth cam-
cra RGBD image & is used 1o select the scanning exent in pitch and
yaw axes. The raw UV image ¢ is smoothed using an averaging filter
with a kemel size of 11 pixels. The smooth image d is then used to
establish the signal and background domains: the source is outlined in
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(f) Final blended image

red, and the background area (white) is selected sccording to the scan
pattern b of the detector, The smooth data is further denoised through
thresholding determined by the background signal, and the processed
image e is superimposed onto the color image a to produce the final
radioluminescence image [

Table2 Sensitivity coefficients
for the used radioluminesce nce
imaging system configurations
derived with reference sources

Detector configuration

Sensitivity (s”"MBq™")

%0 (vacuum chamber) 9Py (airtight chamber)

of %o and PPy UV-A, air

UV-C, N;+ NO (saturated)

660 = 80
123,000 = 14,000

760 + 100
63,000 £ 7000

The sensitivitics are specified for a distance of 2 m between the source and the detector (lens)

1
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U -OMNSNON

a
Sample
UVES PMT
— - &
lens filters
Depth _ / 2-stage
goniometer

Radioluminescence

Optical detection system

o 2-stage
goniometer

Fig.2 a Radioluminescence imaging system built around 4 240 mm
diameter lens telescope. The systiem is mounted on a two-stage goni-
ometer (Newport MBGMIGOPE and RVSSOCC) and has an Intcl
RealSense D435 depth camera that captures an RGB color image of
the scene. b Schematic diagram of radioluminescence mapping. The

------------------------------------

samples placed in the airtight enclosure are scanned by the optical
system located 2 m away from the sample. The 2D image of the scene
is obtaincd by scanning the optical system with the two-stage goni-
ometer in pitch and yaw directions

Fig. 3 Relative alpha emission of *"°Po activity
standard measured with a 25 mm? silicon surfac
barrier detector behind a 3.2 mm aperture and a
distance from the source surface of 15 mm. The
spectra have been measured at 0°, 42° and 69°
relative to the surface normal. The inset Shows L
219po sample with a diameter of 12 mm (central

part) deposited on the silver substrate.
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K = Nr/Np
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A calibration methodology for the novel radioluminescence detector systems A PREPRINT

(a) satellite integrating
sphere, @=50 mm

precision,

um-gauge
variable shit

Exit port

Figure 2: (a) Sectional schematic representation of the variable radiance, satellite integrating sphere-based configuration
of the low photon flux UV radiance standard. (b) Realized prototypes of the variable low-photon flux UV-C (260 nm;
left) and UV-A (340 nm; right) spectral range radiance standards for the calibration of the radioluminescence detector
systems.

https://oar.ptb.de/resources/show/10.7795/EMPIR.19ENV02.PA.20231027

Krasniai et al: A calibration methodology for the novel radioluminescence detector
systems
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Table 1 displays a summary of the weiglh
components,

Table 1. Weight estimation of «
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Detector Structure and L.
PMT detector
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MATE's participation in the project MI/AYTHE

MAGYAR AGRAR- ES
ELETTUDCMANYI EGYETEM

As a consortium partner MATE with collaboration IDEAS Science Ltd.(managing

director Dr. Gyorgyi Bel &
director Dr. Gyorgyi Bela) ld_eaS
sclence

* is currently developing on-line curriculum which can be used in BSc and MSc level university

ducati
education, High-quality technological

solutions and consulting
services for environmental and
security problems.

»  this curriculum can also be integrated into the training system of CBRN specialists, persons
responsible for nuclear medicine technologies, radiation safety officers, environmental protection and
waste management officers too.

» the topic of the project was simultaneously introduced into the MATE education system, and the
educational experiences gained in teaching the related subject will also be taken into account in the
development of the above-mentioned on-line course material.

CRYDET ()

(extracting from slide of 28 WORKSHOP ON ENERGY AND ENVIRONMENT, December 8-9, 2022,
Godollo, Hungary)

Manufacture of scintillation crystals and
detectors

-Partecipation in measuring campaign: Bucharest, IFIN-HH (Horia Hulubei
National Institute, Romania, 2023. februar) with collaboration Crydet Ltd.

(managing director Zoltan Csiki ) 3 .
QWisner »el

- discemination at leader hunearian institutes: Wioner Recearch Center for Phveies attacecond
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MAGYAR AGRAR- ES
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Educational benefits ))

Deeper physical foundation on

« alpha radiation (penetration depth in mediums, Bragg-Kleeman —rule, linear energy transfer
(LET), the Bragg-curve, computation in Bethe-Bloch formula, measuring methods by
conventional detectors: GM-tubes,

« Molecular spectroscopy of diatomic molecules ( rotational, vibrational states, infrared
spectroscopy, Raman spectroscopy, electronic states associated with angular momentum,
indicatings, electronic selection rules, the Franck-Condon principles, quantum mechanical

basics, fluorescence and Raman scatterings

« The radioluminescence measuring methods, the so-called First Positive Group of Nitrogen and
the Second Negative Group of N2+ ions, optical imaging systems, the lens-PMT, filter-CCD

camera systems
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MAGYAR AGRAR- ES
ELETTUDCOMANYI EGYETEM

)

The teaching of the subject provides an excellent opportunity to
broaden physics education with which the principles of spectroscopy
and molecular spectroscopy in particular, as well as the teaching the
methods of the fundamentals of quantum mechanics, can become

attractive and important for engineering students extacting from shide of 26 WorKsHOP
ON ENERGY AND ENVIRONMENT, December 8-9, 2022, Gddallé, Hungary)



















Need for novel-type detection s

.-..Due to the short range of alpha particles, traditional
detectors which require direct interaction with the alpha
particles must be used in very close proximity to a
contaminated surface, around 1 cm...”

Crompton et al (2018), Sensors, 18, 1015; doi:10.3390/s18041015

MIA | =

MAGYAR AGRAR- ES
ELETTUDOMANYI EGYETEM

« Attacks on nuclear power plants

» deployment of the dirty bomb (have a shocking effect on
public opinion.)

- previous serious reactor accidents (Chernobyl,
Fukushima)

....Alpha particles represent the biggest risk to soft biological tissues compared to all
nuclear decay products due to their high energy, large mass and high linear energy
transfer. The amount of deposited energy is about 2 000 000 to 6 000 000 times higher
than that of an ordinary chemical reaction (ordinary chemical energy used by the cells in
the body), thus implying that a single alpha particle has the ability to severely damage or
kill all cells within its range (typically, two to four cells). Therefore, the release of alpha
emitting radionuclides in the environment, such as by nuclear terroristic attacks or
transportation accidents, as well as by severe emergencies in nuclear installations,

represents the greatest radiological threat for human beings if they enter the human
body...-

.--.A detection system to measure large-scale contamination
of these radionuclides is currently not available...”

(Publishable Summary for 19ENV02 RemoteAlpha)
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s:/lwww.euramet.org/researchinnovation/search-research-
ects/details/project/remote-and-real-timeoptical-detection-of-alpha-

ting-radionuclides-in-the-environment/.
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