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Abstract

In this work we show the neutron detection capabilities of a water Cherenn. 7 det ~.or (WCD). The experiments presented here
were performed using a simple WCD with a single photomultiplier tube (PMT) w. 1 a 23>Cf neutron source. We compared the use
of pure water and water with non contaminant additive as the detection vo. “me. W : show that fast neutrons from the 23>Cf source
can be detected over the flux of atmospheric particles background. Our 1. °t esuuuation for the neutron detection efficiency is at the
level of (19)% for pure water and (44)% for the water with the additive. We a:. present the simulation of the response of the WCD
to neutrons using a simulated >>2Cf source. We implemented a detaile.’ model of the WCD and of the neutron source spectra using
Geant 4. The results of our simulations show the detailed meck~nism fo. ‘he detection of neutrons using WCD and support the
experimental evidences presented. Since both active volumes stuc.’=d, 1,u pure and with additive, are cheap, non-toxic and easily
accessible materials, the results obtained are of interest for the devel. yment of large neutron detectors for different applications. Of
special importance are those related with space weather pheno.c. ~ as well as those for the detection of special nuclear materials.

We conclude that WCD used as neutron detectors can be 2 compi. mentary tool for standard neutron monitors based on 3He.

Keywords: Neutron detection, Water Cherenkov Detector, Che. ~nkov effect, Space Weather, Homeland Security

1. Introduction

Water Cherenkov Detectors (WCD) of large volvmes ( with s
typical detection masses that span from one to “ov and f tons
of water) using ultrapure water are sensitiv > to ¢. v« 2d rela-
tivistic particles and high energy photons. .™ese detectors are
used in a variety of implementations: frormn a dive. ~ity of astro-
physical studies, [1, 2, 3, 4] to the dete’ a0, of Special Nuclear
Material (SNM) for homeland securit; (5, €, Fissile elements as
uranium or plutonium produce simy tanec. < emissions of mul-
tiple neutrons. In this field, it is w orth 0 notice that *He based
neutron detectors have had a gic 7i.g ar plication for home-
land security. This is so becaus ‘he k. sased ionization tubes
are non-cryogenic, safe, non orrosiv. highly efficient for ther-
mal neutron detection, and h. e a lov gamma sensitivity. >He
based neutron detectors * . .ombiuation with moderator mate-
rials (such as polyetyler 2) are e1 ‘cient for the detection of fast
neutrons emitted from n. ~lear f ssion. However, for this rea-
son, the homeland - ~~urity application of 3He detectors have
produced a crisis in he He supply and its price was signif-
icantly increased. The: fore, neutron detectors of large solid
angle, cheap materials ana good noise rejection levels are desir-
able. In this context WCD employing different dopants [5] are

*Corresponding author
Email address: sidelnik@cnea.gov.ar (Ivdn Sidelnik) 45
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explored but, up to the moment, only Gd dopants were consid-
ered for this purpose. It is also worth noting that ground based
space weather oriented experiment that uses neutron monitors
to study low energy cosmic ray flux variations can use WCD
as an alternative detector. In particular the LAGO and Auger
collaborations use WCD to indirectly measure changes in the
flux of low energy cosmic rays and relate this change with solar
activity indicators.[7]

As a continuation of the work presented in the RICH 2016
workshop, where a proof of concept of a WCD measuring neu-
trons using pure water was shown, [8] we present in this work
the study of WCD for neutron detection comparing the use of
pure water and a non contaminant additive with a single PMT.
We performed experiments with a 2>Cf neutron source, using
pure water and water with a non contaminant additive to com-
pare the capability of a WCD to detect neutrons. We use a com-
pound that uses Cl as an additive to increase the neutron signal
due to the interaction with 3>CL.

2. Detector, experimental and simulation layout

The WCD installed in the Neutron Physics department lab-
oratory at Bariloche is an autonomous, reliable, simple and in-
expensive detector. We have built two versions one of 0.5m?>
and other of a 1.0 m?, consisting of a stainless steel commercial

March 6, 2019
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Figure 1: View of the experimental set up with both 0.5m> and 1.0m> water
Cherenkov detectors, where the latest is used in this work. The position of the
neutron source, and the lead shielding to reduce the gamma contribution can be
seen. Also the acquisition and control electronic is shown.

Photoc/athode z
Air * - Detector Y
Source < Tyvek
Water
Lead

Figure 2: Scheme of the detector geometry simulated » ,ing Ceant 4.

water tank of cylindrical shape, with 1 m - - diameter and dif-
ferent heights. Both detectors have a 9° Hamn.. matsu R5912
PMT, plus a digitizer board of custor. =sign. [9] In Fig-
ure 1, a picture of both detectors car be ¢ .en, with the PMT
placed at the detector lid. Also shown 1. e lead shielding, to
avoid gamma contamination, with “.1e p~sition of the Cf neutron
source placed at the middle of t ~ he ght - ¢ the detector. The
detectors also have a 0.12 mm thick .. ~¢ coating of Tyvek®,
that is an UV diffusive and r flectiv. fabric. Its features were
studied in reference [10].

Figure2 shows the sim* ‘ion »...cme of the detector geome-
try build using Geant4. 11] The letector is composed by using
a 96 cm diameter by 133 m tall 7 1d 0.5 mm thick stainless steel
cylinder, which is £11 of wawr (or additive with 5% in mass)
and has an hemisphe. ~ ot , cutall and 10.16 cm of radii located
at 80% over the detectc height, that simulates the PMT photo
cathode. Between the wuter and stainless steel volume there
is a thin layer (0.12mm) that has the reflective and refractive
properties of Tyvek® [10]. The QE reported by Hamamatsu
for the R5912 was also used to sort the acceptance or rejection
of a Cherenkov photon in to the PMT. [12]
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Figure 3: Spectra of t. ~v~- .ments using a >>>Cf neutron source, after back-
ground subtrar .ion. Pnle circles are measurements with pure water and or-
ange squares e » .ng \ ater with a 2.5% of additive, increasing the signal
resulting ir a huge differ ace.

3. Res. 'ts

3.1. Expe “mental results using a >>>Cf neutron source

.= performed measurements with lead shielding, to avoid
*he ganina photons emitted by the Cf source, leaving mainly
fas . neutrons entering to the detector. In Figure 3 we show the
e. nerimental results of the measurements with the Cf neutron
~ource with background subtracted. The measurements were
made in 300 s and the subtracted background was measured im-
mediately before the irradiations. In violet circles it is showed
the measurement using pure water, and in yellow squares using
water with additive. The units of charge of the recorded events
are ADC,, i.e., the integral of a single, 300 ns-long pulse as a
function of time (measured in time intervals of 25 ns) after the
subtraction of the signal baseline. It is clear from the figure that
the signal using the additive are more intense than the one with
pure water. In section 4 we will show the neutron detection
efficiency results comparing both situations.

3.2. Simulation results using Geant4

The simulations were performed using the spectral shape of
fast neutrons from a >>Cf source.[13] We show in Figure 4 Top,
the gamma particles generated in the active volume of the de-
tector in both cases. In red it can be seen the gammas emmited
in pure H,O, where the most prominent is the 2.22 MeV line.
In the case of additive added to the water more energetic gam-
mas are emmited due to the interaction of neutrons with the
elements in it, resulting in an increase of the signal. This in-
crease can be seen also in Figure 4, bottom, where the electrons
are showed, produced by the interaction of the gammas parti-
cles with the water. The compton border can be seen showing
the most energetic particles giving more signal.

4. Neutron detection efficiency

Using the punctual source approximation, and as a first ap-
proximation for a detection efficiency calculation, we arrived at
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Figure 4: Top: gamma particles produced in the simulation using the spectra
of a 252Cf source with pure water and water with a 2.5% concen’ auou € ad-
ditive. The 2.22MeV peak can be noted in both cases and tt . high ene zy
gammas produced in the interaction of the neutrons with the ada,. ~. Bott: m:

electrons produced inside the detector by the interaction of zammas . " . theys
active volume, wich are produced mostly by Compton inte’ .ctior
the formula:
145
NPb - Nbackground
Ep ¥ ——————, ()

NS e~ %l‘m

where (NS e’l’d) is the neutron :mission .ate of the sourceiso
the day of the experiment, N is t' @ ne .tror smission rate at the
calibration time, A the decay proba. 'itv per time unit, #; the
time difference between the c .tibrati- 1 and experiment, (%) is
the solid angle, 7,,a the acqu sition ti ae (3005s), and the inte-'ss
gral of the number of courte (1v, > ubtracting the background
(Nbackgm,md). Table 1 s i1ows tl. calculated efficiencies using
H,O with and without a 'ditive, rom experimental results and

simulations. 160
. AV AN L Captures in
Sensitive volume Experim.  ul results [%] Simulation [%] TH[%] | ©CI[%]
Pure water 19+.2 10.18 10.17 0
Water with additive 44£10 24.19 15.57 791 165

Table 1: Efficiencies calculated for the experimental results showed in 3, simu-
lations as showed in 4, and captures in 'H and 35Cl from the simulations.

5. Conclusions

In this work, the feasibility of neutron detection using a sim-
ple water Cherenkov detector w' n pure water and a non con-
taminant additive containing C' ha, “een proven. We demon-
strate that the addition of a C! hased conipound to the water in
low proportions, results in .n ir :rease of twice the efficiency
in the experiment. This aa.'*i" ¢ is an easy to get, cheap, and
non contaminant materia,, 't has :lear advantages over other
systems employing G - othe. ~hemical elements to increase
the neutron absorpti- n. 7 ... “cage of a single PMT has a di-
rect effect on the relia. *U'.y and the final cost of the WCD. This
results are of gre-. .ateres. “or non proliferation, homeland se-
curity and low ¢ 1ergy c¢ mic rays phenomena.

The employec etectr . presents a clear advantage over sys-
tems that er p1vy Ga to increase the neutron absorption, and/or
more that ¢ 1¢ P iT.
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