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LaBr3 scintillator response to admixed neutron anhy fluxes
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Abstract

Gamma ray spectroscopy is a promising method for diagndastgons and confined alpha particles in a fusion plasmacdevi
This application requireg-ray detectors with high energy resolution (say a few pearf@ngamma ray energies in the range 1-5
MeV), high dficiency and high count rate capability, ideally up to a few MHarthermore, the detector will have to withstand the
high 14 MeV and 2.45 MeV neutron fluxes produced by the maiiofuseactions between deuterium and tritium. Experimental
results demonstrate that the requirements on energy tesgleficiency and count rate can be met with a LgBre) scintillator
detector equipped with fast digital data acquisition. Theasured response of the detector to 2.45 MeV neutrons ismiszkin
this paper and discussed in terms of the interaction meshebétween neutrons and detector.

Keywords: X- andy-ray spectroscopy, Scintillation detectors

1. Introduction o range 1-5MeV) and be able to cope with a few MHz count rate.
a1 Energy resolution is essential to perform spectral ansilysit

A confined thermonuclear plasma is heated by alphaspatran provide information on the fast ion energy distributier.
ticles from Deuterium-Tritium (DT) reactions. These pa#ti Doppler broadening). High rate capability is necessaryifoe
cles are produced with an energy of 3.5 MeV, much higheresolved measurements, that are crucial in order to metasire
than the plasma bulk temperature (10-20 keV), and must slowansients in the-ray counting rate associated to MHD insta-
down in order to release their energy into the plasma. . héilities in the plasma.
study ofa-particles and more generally of fast ion confinementFirst observations of-ray spectral broadening in fusion plas-
is therefore a crucial topic for future thermonuclear plasim mas were reported in Ref.[7]. The measurements were per-
experiments, such as ITER. Fast ions induce magneto-hydrdermed in radio-frequency heatedHe)D plasmas of the JET
dynamics (MHD) instabilities and can lead to the loss of erertokamak using a High Purity Germanium (HPGe) spectrome-
getic particles, which are potentially harmful for plasmem<. ter, which permits high energy resolutior2.8 keV at 1.33
trol and for the integrity of the machine. However, very MeV). The measureg-ray peak shape was reproduced using
few diagnostic technigues of fast ions are available today:f a physics model that combined the kinetics of the reacting io
confined energetic particles in the MeV energy range. Neuwith a detailed description of the nuclear reactioffatential
tron spectroscopy provide diagnostic information on thecfe cross sections and branching ratios.
tants energy distribution, and can be used for fast ion studi However, the HPGe detector does not allow for high rate mea-
as demonstrated with measurements in present day tokamaggrements in the MHz range, which is required if one wants to
[1][2][3][4][5]). More recently, y-ray spectroscopy demor- study fast ion dynamics on characteristic time scales of MHD
strated to be a candidate diagnostics for confined fast ibns o instabilities (a few ms). For this reason a spectrometezdan
servations [6][7][8]. y-ray emission is typically relevant far the LaBg scintillator has been specifically developed. High en-
fast ion energies of some hundred keV, as a consequenge efgy resolution is made possible by the high scintillatigt
the underlying cross sections. Mafyray emitting reactions yield of the crystal (about 63000 photons per MeV) [11][12].
are possible between fast ions and impurities in the plasmd.aBrs spectrometers were designed to be able to cope with high
Beryllium will be naturally present as an impurity in ITERagtss  counting rate measurements (up to few MHz), with an ad hoc
mas, since it is the main component of the tokamak first walldeveloped active voltage divider for the photomultipliabe
Most promising for diagnosis af particles is th€Be(a, ny)*?C s and a fast digital data acquisition (see Ref. [13]).
[91[10].
A spectrometer suited for this application must have a good
energy resolution (say a few percent feray energies in the 2. Performances of the new L aBr; spectrometer

58 A 3"x6” (diameter x height) LaBy scintillator was developed
*carlo.cazzaniga@mib.infn.it s for measurements at the JET tokamak in the United Kingdom.
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The detector was fully characterized and now regularly akemination of its response function jerays of diferent energies.
data during JET plasma experiments. Energy calibration snes&Bimulations have been performed using the MCNP model in or-
& derto evaluate theficiency as a function of the-ray energy.
(a) s Full-energy-peak ficiency €peay) is defined as the number of

1,2 . . . . « events in the full-energy-peak divided by the number of phst
Measurement ss impinging on the detector. Results are shown in Fig.2. Every
_____ MCNP 4 = point is obtained with a simulation of $@vents, resulting in
= a7 Vvery low relative errors<€ 0.2%). The 3"x6” LaBg scintilla-
o 08f 4 & tor has a considerably higHfiency thanks to highfEective
= s Z, high density and big volume. Full-energy-pedkaency is
@ L 1 « 25% at 4.44 MeV, which is the energy pfrays from the reac-
£ o tion °Bela, ny)*?C.
= 04t . High rate capability was a fundamental goal when the de-
i K J ’ 60 . : : :
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02 Figure 2: Simulated full-energy-pealktieiency as a function of the-ray en-
I k" ergy for a 3"x6” LaBg scintillator.
0 U 92

0 205 405 605 806 100'0 1200 1400 * sign of the detector was first presented in 2008 [15]. An im-
E [keV] « portant hardware component to be carefully optimized is the
s photo-multiplier-tube (PMT). PMTs are known to bffexted
Figure 1: Simulated and measured energy spectrum using & IsaBttillator *° _by gain drifts when the Cquntmg .rate of the source Var!ess Th
for a137Cs (a) and £°Co (b) radioactive source. « is due to the fact that an increasing mean photoelectrieotirr
e running between the dynodes results in a voltage drop in the
surements were carried out using radioactive sources, &eh divider chain, which in turn causes a gain modification [16].
137Csand®Co, and were successfully reproduced with Mante A PMT with a custom developed active base, which includes
Carlo simulations using the MCNPX code [14]. The medeltransistors in the last three stages, has been developeapand
used in the simulations included details of the geometryi.andimized for this application. This PMT is an eight stage Hama
of the materials surrounding the crystal, such as iron dimighs matsu R6233-01 with a length of 223 mm and a diameter of 82
and steel supports, that are important due to theceof high.. mm. The gain at the nominal High Voltage (HV) of -1000 V
Z materials ony-ray scattering. Fig.1 shows a comparisonde-is 2.7 - 10°. The gain stability was tested as a function of the
tween the measured and simulated spectrum #8fGss(a) andss  frequency using a LED source forfilirent values of the HV
a%Co (b) radioactive source. Spectral broadening due te-th¢see Ref.[15]).
finite energy resolution of the spectrometer is includechimed The detector high rate capability was demonstrated in déslic
simulation. The measured energy resolutioaFRVHM/E) isis  experiments at nuclear accelerators [17][18]. A not sigaift
3.3% at 662 keV peak, 2.5% at 1173 keV peak and 2.43% afegradation in energy resolution was found for count rafes u
1333 keV peak. Spectra are normalized to the full-energkpe to 2.6 MHz (R=2.0 % at E= 3 MeV), using H\=-800V. The
height. There is very good agreement between simulation.anghean position of the peaks was also unchanged between mea-
data, which holds both at the Compton-edge level and at thve: lo surements at 80 kHz and 2.6 MHz, showing that no appreciable
energy back-scattering region. Smalffdiences are ascribed variations of the PMT gain occurred (see Ref.[18]).
to minor details of the actual experimental setup. This cordis High rate capability has been further verified during toklkma
the reliability of the MCNPX model of the detector for deter- discharges. Experiments were performed at the ASDEX Up-
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(@) = notice long time scale variations (a), due to modulationhef t

1w NBI power and RF power. Fast variations (b) can be attributed
138 Instead to changes in the power coupling due to bulk plasma
4 1 instabilities such as, for instance, sawteeth.

| w1 3. LaBrsresponseto fusion neutrons

14 In view of y-ray spectroscopy measurements on fusion burn-
4 12 ing plasmas, one must consider experimental constraisesdo
13z by high neutron fluxes, which will be orders of magnitude éarg
us than in todays tokamak experiments (up t#-10° neutrons
ws cm?s™! at the detector position without neutron filters [22]).
us  2.45 MeV neutrons emitted from fusion reactions in a deu-
0 terium plasma can interact with LaBthrough nuclear inelastic

s Scattering. As a result of this interaction the constituantlei

e Of LaBrs, i.e. 139La, 7°Br and®!Br, are left in an excited state
5 (b) 1% that de-excites by emission of (backgroundjays [23]; the
= latter can interfere with the-signal from nuclear reactions in-
12 duced bya particles or even paralyse the detector if the count
153 rate saturates the detector capabilities. As said betoeanea-
1« surements from AUG plasmas heated by NBI power were char-
155 acterized by intense 2.45 MeV neutron fluxes. These data were
15 then compared to preliminary measurements of the respdnse o
1w the LaBg y-ray spectrometer to 2.45 MeV mono-energetic neu-
158 trons performed at the Frascati Neutron Generator (FNG). At

Count Rate [cps]

Count Rate [cps]
(93]
o
T

210" - 1= FNG a deuteron beam was accelerated on a deuterium target,
10 providing a neutron fluence on the detector surface of about
110° s 8-10* neutrons per second. Fig.4 shows a comparison between
12 the energy spectra measured at AUG and at FNG. Each spec-
0 10° el s trum was separately energy-calibrated using radioaéfi{@s

114 115 116 117 11.8 119 12 121 122 3nd69Co sources and normalized to a total counting statistics
Time [s] s Of 1.510%. The measured spectra are fairly similar foxR.5
s MeV. At larger gamma energies instead, th&edent neutron
Figure 3 Temporal evolution of the counting rate of the Lgaﬁimectrc.nmeterq1,§7 energy spectra at AUG and FNG play a role. At AUG, high
B o L e s eneroy NBI deuterons reacting with the bulk plasma thermal D
is present. 1.0 population give rise to neutrons of energy£2.45+ 0.3 MeV.
o At FNG accelerator with the spectrometer positioned at @0 de
i With respect to the deuteron beam impinging onto the tatget,
grade (AUG) tokamak in Garching (Germany), where theadeneutron energy spectrum is quite narrow around 2.45 Me\s Thi
tector was installed on a collimated line of sight, 12 meterds probably the reason for theft#irent slope of the spectra for
away from the plasma [19],[20]. The detector allowed:.thel.5<E<2.5 MeV (see Fig.4). The events with-E2.5 MeV are
first y-ray spectroscopy measurements of confined fast ions omostly due toy-rays emitted by neutron capture on surround-
AUG [21]. AUG operate with deuterium plasmas, which meansing materials. This was fierent in the two experiments, as it
that the main components of the emitted neutron spectrum aepends on details of the specific environment where the ex-
2.45 MeV neutrons from Deuterium-Deuterium (DD) reactions periment is carried out. However, the fact that there arg onl
Deuterium plasmas with high Neutral Beam Injection (NBI) few neutron induced events for-2.45 MeV confirms the 2.45
power have a high neutron yield, mostly from beam-plasma reMeV neutron origin and it is promising, asrays of interest for
actions. At AUG the neutron flux at the detector position avasplasma diagnostics are expected to show up in the energg rang
about 17- 10* neutrongsegcn? considering a typical discharge E,=2-5 MeV.
with 7.4 MW of NBI (92 kV deuterons). These kind of plas- The role of nuclear inelastic scattering from fusion neugro
mas are poor of fast ions in the MeV energy range, whigh isvas investigated with a preliminary MCNP model in which the
reflected in a negligible fast ion induceeray emission. Howss interaction process is divided in two steps. In the first one,
ever, neutrons produce backgroupdays when they directly the energy distribution of-rays born from the interaction of
interact with the detector or surrounding materials. In.&ig a uniform beam of 2.45 MeV neutrons impinging on the LaBr
temporal variations in the measured counting rate of theri:aB crystal is simulated. In the second step, the resultingroeut
spectrometer for a discharge with 7.4 MW NBI are shown..&hdnducedy-ray spectrum is used as input for a new MCNP simu-
counting rate reaches values very close to 1 MHz. Onexcalation aimed at evaluating the interaction of these neubam
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Figure 4:y-ray energy spectra from 2.45 MeV fusion neutrons intengotin &*
LaBrs scintillator, measured at AUG and FNG, and simulated with MCR@*®
2.

dashed line indicates the 2.45 MeV energy value. 40

247
248
249

vy-rays with the crystal. According to MCNP simulation, an,gv-
erage number of 1.14-rays per neutron is produced. Duesto [19]

the large volume of the crystal, it is likely that the sametrau®
253

interacts more than once via inelastic scattering. Theaanegr
probability of an emitted/-ray to give a signal, considering.a
low energy threshold (& 100 keV) is 65%. It is possible to
notice in Fig.4 that the main structure of the measured pautr

induced spectra is only partially reproduced in the regioa E

MeV neutrons was presented and compared with a preliminary

MCNP simulation. A LaBs detector is now installed at the JET
tokamak and will collect data with two main goals: (Lray
measurements for confined fast-ion diagnostics at JET,3nd (
measurements of the LaBresponse to fusion neutrons. The
reported results provide the basis for the conceptual desfig
optimized LaBg detectors for fusion burning plasmas.
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2.45 MeV. Diferences on single peaks and on details of the

spectral structures are explained by the fact that othegniadg

but LaBr are not included in the simulation. For the same rea-

son the spectrum region:E2.5 MeV is not reproduced, since

it is due toy-rays emitted by neutron capture on surrounding

materials. A more detailed MCNP model will be implemented

in order to reproduce the full spectrum. This model will (4) i
clude surrounding materials and line of sight and (2) carsid

the complete neutron spectrum emitted by the plasma, rather
then just the main 2.45 MeV component. Starting from the
understanding of the interaction mechanisms of 2.45 MeV neu

trons, one must study the response function of the .aBystal

to 14 MeV neutrons emitted from deuterium-tritium plasmfs o

a thermonuclear device. Based on cross section values, reac

tions of the type (n,2n) are expected to play a significare,rol
which results in an increased sensitivity of the detectot4o
MeV neutrons [23].

4. Conclusions and Outlook

In this paper the energy resolutiotffieiency toy-rays in the
MeV energy range and high rate capability of a LaBeintilla-

tor have been assessed in viewyafay measurements on next

step fusion devices. The response of LaBetectors to 2.45
4



