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1. Introduction

On JET the o-particle diagnostic is based on the nuclear reaction °Be(a,ny)**C between
confined a-particles and beryllium impurity ions typically present in the plasma, see GSU
Project Management Plan and references therein. The applicability of gamma-ray diagnostic is
strongly dependent on the fulfilment of rather strict requirements for the definition and
characterization of the neutron and gamma radiation fields (detector Field-of-View, radiation
shielding and attenuation, parasitic gamma-ray sources). For operating this diagnostic at the
high DT neutron fluxes expected in the future high-power DT campaign on JET, specific
improvements are needed in order to provide good quality measurements in the D-T campaign,
characterized by a more challenging radiation environment.

In order to enable the gamma-ray spectroscopy diagnostic for a-particle diagnostic during
the DT campaigns the following goals should be achieved:

- Maximization of the signal-to-background ratio at the spectrometer detector; this ratio is
defined by terms of the plasma-emitted gamma radiation and the gamma-ray
background.

- Establishing high count rate signal processing and energy-resolved gamma-ray
detection.

In the DT experiments the gamma-ray detector must fulfil requirements for high count rate
measurements. The existent BGO-detector with a relatively long decay time, about 300 ns,
should be replaced by a new detector module (DM2) based on CeBrs scintillator, with
an associated digital data acquisition system. The CeBr; scintillator are characterized by short
decay time (~20 ns) and a high light yield about 45 000 photons/MeV. The coupling of the
scintillators with photomultiplier tubes in specially designed detector modules will permit the
operation at count rates over 2 Mcps. The CeBrjs scintillator is an alternative to already tested at
JET detectors based on LaBr3:Ce.

The CeBrs scintillator was found to fulfil low noise measurement conditions. It shows 30
times reduction in internal activity in comparison with LaBr;:Ce, see below. The CeBrs
scintillator has a similar energy resolution, sensitivity and decay time as the LaBrs:Ce
scintillator. Moreover, the CeBr; scintillator seems to be more resistant for gamma radiation
than LaBr;:Ce. A 1 kGy dose of gamma radiation deteriorates the yield of LaBr;:Ce by ~10%
and worsens its energy resolution from 3.0 to 3.8%, while is almost negligible for CeBrs.

CeBr3; may also be more resistant to neutron radiation because of lower neutron capture cross
section in Ce (~12 mb) than in La (~100 mb) at E, ~30 keV.
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These features make CeBr; an interesting alternative for JET plasma applications in spite of
the excellent spectroscopic performances of LaBr3:Ce scintillator.

2. Detector module DM2

In Fig. 1 a technical drawing of a detector ordered at Scionix is shown together with a photo
of an already delivered detector.
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Fig. 1. 3”x3” CeBr; from Scionix: a technical drawing and a photo.

The specification of a detector based on CeBrsj:
o scintillator dimensions: 3”x3” (76 mm diameter, 76 mm high),
e low background,
¢ high resolution <4.3% FWHM at 662 keV scintillation crystal,
e 0.5 mm thick aluminium housing.
The photomultiplier R6233-100 PMT:
a 76 mm diameter PMT surrounded by an extra-long solid mu metal shield.
Additional features:
a fiber optics stabilization port with SMA connector.
Plug on voltage divider (Scionix model VD14-E1-X7-NEG):
¢ negative high voltage -700V,
o divider equipped with extra capacitors for high rate operation.
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Active voltage divider designed at NCBJ:

A voltage divider (VD) has a significant influence on the performance of the PMT based
detectors by interfering in its main characteristics, the gain control range and linearity. An
active voltage divider ensures a constant gain. At NCBJ such a device was designed and
produced. This fully active divider can be used up to 1.5kV with a PMT 14 pin standard
socket. It has easy removable components and has a direct output from both anode and last
dynode.

3. Measurements at NCBJ with 3”x3”

We performed measurements on an energy resolution and a detection efficiency at our
laboratory at NCBJ. Measurements were performed with both the Scionix voltage divider and
the NCBJ dedicated active voltage divider.

For measurements we used standard y-ray sources: **’Cs (662 keV), ®*Zn (1115 keV) and
?’Na (1274 and 511 keV).

In Fig. 2 spectra registered with these standard sources are shown, as measured in the NCBJ
laboratory.
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Fig. 2. Gamma-ray spectra measured with 3”x3” CeBrj scintillator and Scionix voltage divider.
Upper: spectrum registered with for *3'Cs, center: with ®Zn, lower with ?’Na source.

In Table 1 the results of measurements performed with the 3”x3” CeBrs scintillator
equipped with the Scionix voltage divider are presented. The energy resolution is defined as a
ratio of full width at half maximum (FWHM) divided by the energy of the recorded peak.

Full energy peak detection efficiency € was calculated using the following equation:
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where:

N — number of counts in full energy peak (background subtracted),
A — source activity,

t — live time of the measurement,

o — solid angle of detection,

b — branching ratio of the reaction resulting in gamma-ray emission.

Table 1. Parameters of 3”°x3” CeBrj3 scintillator equipped with Scionix voltage divider.

vy energy (keV) | y-ray source FWHM (%) detection
efficiency (%)
511 *’Na 4.8+0.1 5642
662 Bcs 4.2+40.1 5142
1115 %Zn 3.5+0.1 3842
1173 ®Co 3.4+0.1 34+1
1275 *’Na 3.3+0.1 32+1
1332 ®Co 3.3+0.1 32+1

In Table 2 the results of measurements performed with the 3”x3” CeBrs scintillator
equipped with the NCBJ dedicated active voltage divider are presented.

Table 2. Parameters of 3°x3” CeBrjs scintillator equipped with NCBJ active divider.

v energy (keV) | y-ray source FWHM (%) detection
efficiency (%)
511 “’Na 4.940.1 58+3
662 B¥cs 4.3£0.1 49+2
1115 %Zn 3.5+0.1 37+2
1173 ®Co 3.3£0.1 34+1
1275 “’Na 3.3£0.1 3342
1332 ®co 3.3+0.1 33+1

From obtained results from measurements with standard gamma-ray sources, we conclude
that both FWHM and detection efficiency do not depend on a type of used voltage divider.

We performed measurements with a strong “*'Cs source with an activity of ~400 MBg, in
order to increase the rate of events. Due to a lack of a safe setup we could not make
measurements at count rates higher than 0.90 MHz.

In Fig. 3 **'Cs spectra registered with both Scionix and NCBJ voltage dividers are shown for
different count rates.

Results of measurements with the NCBJ dedicated active voltage divider are shown in
Fig. 3, upper part. Spectra were recorded at count rates of 0.01, 0.65 and 0.90 MHz. The
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relative difference in a **’Cs peak position is less than 0.5%. This result confirms a very good
linearity of the NCBJ dedicated active voltage divider.

In the lower part in Fig. 3 spectra obtained with a Scionix voltage divider are shown for
count rates of 0.04, 0.57 and 0.90 MHz. For this case, a strong correlation between peak
position and increasing count rate is observed.
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Fig. 3. *'Cs gamma-ray spectra measured with 3”x3” CeBrs scintillator: upper part: NCBJ
dedicated active voltage divide, lower part: Scionix voltage divider.

4. Comparison of 3”x3” CeBr; and 3”x3” LaBr;:Cescintillators

We performed measurements of a detection efficiency and full width at half maximum
(FWHM) for both CeBr; and LaBr;:Ce scintillators of the same size equal to 3°x3”, see tables
3 and 4 as well as figures 4 and 5.
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Table 3. Detection efficiency of 3x3” CeBrs (with Scionix VD) and 3”x3” LaBr3:Ce

scintillators.
-ray energy (keV) _rav source detection efficiency (%)
e [l CeBrs LaBrs:Ce
>11 “Na 5642 5013
062 ~'Cs 51+2 54+3
1115 557 3610 o
1173 8o 3411 s
1274 “’Na 32+1 33+3
1332 ®Co 32+1 3413
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Fig. 4. Full energy peak detection efficiency measured with 3”x3” CeBr; (blue) and for
LaBrs:Ce (red) scintillators for y-ray energies in the range between 0.5 and 1.3 MeV.

Table 4. FWHM of 3”x3” CeBr; (with Scionix VD) and 3”x3” LaBrs:Ce scintillators.

FWHM

y-ray energy (keV) y-ray source CeBr, LaBra.Ce
511 “Na 4.8+0.1 3.440.1
662 B3cs 4.240.1 3.0+0.1
1115 ®Zn 3.5+0.1 2.4+0.1
1173 ®Co 3.4+0.1 2.4+0.1
1274 “2Na 3.3+0.1 2.4%0.1
1332 ®Co 3.3+0.1 2.2+0.1
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Fig. 5. Energy resolution measured with 3”x3” CeBr; (blue) and for LaBr;:Ce (red)
scintillators for y-ray energies in the range between 0.5 and 1.3 MeV.

In addition, we compared intrinsic activity of both crystals. It is necessary to mention that

CeBr; was produced by Scionix as a “low background” scintillator, whereas LaBrsz:Ce available
at NCBJ is a “standard” crystal from St Gobain. It would be interesting to compare
CeBrs@NCBJ with a LaBr3:Ce purchased for the GSU project by the Milan team.
The response of the 3”x3” CeBr; and LaBr;:Ce crystals to natural background radiation is
presented in Fig. 4. Peaks originating from gamma transitions observed in natural background
(1.461 MeV from *’K and 2.615 MeV from **Tl) are clearly seen. Both scintillators show
peaks between 1.5 MeV and 2.5 MeV related to contamination by a-radioactive isotopes from
actinides. LaBr3:Ce is contaminated also with **La decaying by electron capture (EC) or f. EC
is followed by emission of 1.436 MeV y-ray and X-ray cascade, giving contribution to a peak at
about 1.470 MeV. In addition, B~ decay produces a continuum above 0.789 MeV.
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Fig. 4. Response of 3”x3” CeBr; and LaBr;:Ce to natural background radiation.
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5. Conclusions

1. The full energy peak detection efficiency is similar for both CeBr; and LaBr;
scintillator.

2. 37x3” CeBrj scintillator, purchased at Scionix, has a full width at half maximum equal
to 3.3% at gamma-ray energy of 1.1 MeV.

3. Inaverage, lower energy resolution by ~40% for CeBr3 in comparison with LaBr; was
observed.

4. Much lower intrinsic activity of the CeBrjs scintillator is measured in comparison with a
standard LaBrs:Ce crystal.

References
[1] JET Enhancements Programme WPJET4, 2014 JET internal document
[2] D04 GSU Report from NCBJ (2014)

[3] Scintillators for high temperature plasma diagnostics

t. Swiderski, A. Gojska, M. Grodzicka, S. Korolczuk, S. Mianowski, M. Moszynski,
J. Rzadkiewicz, P. Sibczynski, A. Syntfeld-Kazuch, M. Szawtowski, T. Szczeg$niak,
J. Szewinski, A. Szydtowski, I. Zychor, Proceedings of Science PoS(ECPD2015)162

[4] Digital Approach To High Count Rate Gamma-Ray Spectrometry
S. Korolczuk, S. Mianowski, J. Rzadkiewicz, P. Sibczynski, £.. Swiderski, I. Zychor, IEEE
Trans. Nucl. Sci. (2015), to be published

[5] High performance detectors for upgraded gamma ray diagnostics for JET DT campaigns
I. Zychor et al., IEEE Trans. Nucl. Sci. (2015), to be published

The report was prepared by the NCBJ team
Grzegorz Bottruczyk, Andrzej Brostawski, Agnieszka Burakowska, Marcin Gosk, Stefan
Korolczuk, Roch Kwiatkowski, Stawomir Mianowski, Adam Szydtowski, Arkadiusz Urban,
Izabella Zychor.

The present document is of intellectual property of the JET Enhancements (JET4) Work Package (in particular
NCBJ_IPPLM). This document cannot be neither copied nor distributed without right permission from
EUROfusion Consortium.

This scientific work was partly supported by Polish Ministry of Science and Higher Education within the
framework of the scientific financial resources in the years 2015-2017 allocated for the realization of the
international co-financed project.

This work has been carried out within the framework of the EUROfusion Consortium and has received funding
from the Euratom research and training programme 2014-2018 under grant agreement No 633053. The views and
opinions expressed herein do not necessarily reflect those of the European Commission.

’ WPJET4 ‘ GSU AT NCBJ ’ Date: ‘ Page: ‘

’ ‘ REPORT ON D18 ’ 14 March 2016 ‘ 8 of 8


https://www.google.pl/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCAQFjAAahUKEwjQ0MqRq5fJAhWla3IKHV6HCf8&url=http%3A%2F%2Fpos.sissa.it%2Farchive%2Fconferences%2F240%2F162%2FECPD2015_162.pdf&usg=AFQjCNEXwt4dyWN2C0MRUf7rvCFHdhb-BA&sig2=4uAHw4LCM4QwDmF52JI-DQ

