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ABSTRACT

In this article we like to report on the latest results of the JESSICA experiment. We fo-
cus on the experiments with an ice moderator at 20 K and 70 K. The measured time of flight
spectra and the derived energy spectra will be presented. For the ice moderator we will show
also the time of flight spectra for specific wavelengths. For the first time we investigated the
moderation properties of a methane-hydrate moderator in a realistic environment. We com-
pared this new data with the previous obtained ice data.

1. INTRODUCTION

With the JESSICA experiment (Julich Experimental Spallation Target Set-up In COSY
Area) we like to study new moderator materials in a realistic environment. For this reason a
target, moderator, and reflector system was constructed based on the ESS (European Spalla-
tion Source) reference design from 1996 [1]. More detailed information about the experiment
can be found in a further contribution to this meeting [2]. In this article we like to focus in
more detail on the cold moderator experiments carried out until now. After finishing the start-
up phase of the experiment using an ambient temperature water moderator we continued our
experimental program with an ice moderator at 20 K and 70 K. We compared the results with
the previous water measurements to study the influence of the decreased temperature on the
energy spectra as well as on the time of flight spectra for selected wavelengths. By comparing
our data with older experimental data, carried out by K. Inoue [3,4] and A.W. McReynolds
and W.L.Whittemore [5,6], we checked if our experiment would deliver reasonable data.
However a direct comparison with these data is not possible because of various geometries of
the investigated systems and different moderator configurations. Also the process of neutron
production is diverse. In our experiments a 1.3 GeV proton beam hits the mercury target and
neutrons are produced via a spallation process. In case of the older experiments, an electron
beam hits a heavy metal target and the bremsstrahlung creates photo neutrons.

For the first time we studied a methane-hydrate moderator. The obtained energy spectra
will be shown. Unfortunately the statistics for the time of flight spectra for specific wave-
lengths was to low and could not been analyzed.
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2. TIME OF FLIGHT SPECTRA AND ENERGY SPECTRA FOR WATER AND ICE

The time of flight spectra are obtained in two steps. The first measurement counts all
neutrons leaving the moderator including background. To eliminate the background a further
measurement is performed. In this second measurement only those neutrons are detected,
which are not absorbed in an additionally inserted Cadmium layer in front of the neutron
flight path. The high neutron absorption cross-section of Cadmium for thermal neutrons pre-
vents them to reach the detector. The difference of both spectra results in the time of flight
spectrum for the thermal neutrons. Fig. 1 shows the time of flight spectra of thermal neutrons
for a water moderator at different temperatures. The data are normalized to the detector area
and the number of incident protons per pulse. It can be seen that the spectra of the ice mod-
erators are shifted towards longer flight times compared to the spectrum of a water moderator
at room temperature.
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Figure 1. Time of flight spectra of a water/ice moderator at 300 K, 70 K, and 20K.
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Figure 2. Time of flight spectrum of an ice moderator at 20K measured at JESSICA (left graph).
Neutron time of flight spectra for different moderator materials measured by Whittemore and
McReynolds (right graph).
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Similar time of flight spectra were measured by W.L Whittemore and A.W.
McReynolds |5,6|. Because they used also an ice moderator at 21 K. it was interesting to com-
pare their results with our experiments. It is important to note that the used geometry of the
moderator was different. This means a direct comparison of both experiments is not reason-
able. Fig. 2 shows again the lime of flight spectra of a 20 K ice moderator and the measured
time of flight spectra from Whiltemore and McReynolds. The spectra labeled with (1) and (2)
are for ice at 21 K. The difference between two spectra is that for (1) the detector looks into a
reentrant hole whereas for (2) the detector views the shell surface of the cylindrical modera-
tor. JESSICA uses a rectangular moderator box (10 cm x 12 cm x 5 cm) without a reentrant
hole. This is a similar geometry as spectrum (2) shown in the right graph of Fig.2. When
comparing our results - the length of the neutron flight path was 5.40 m - with spectrum (2)
we observe the same characteristics of the shape of the time of flight spectra.

Other publications [e.g. 3,4,5,6] prefer to show the energy spectra of the neutrons leav-
ing the mcxierator. To be able to compare the results obtained with JESSICA with those data
the lime of flight spectra have to be transformed into energy spectra. For this reason we use
the following transformation:
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Figure 3. Energy spectra of water at 300 K (filled squares), ice at 70 K (filled circles), and ice at 20 K
(filled triangles). The data are only normalized to the number of incident protons and detector area.
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When applying this transformation to the measured time of tlighl spectra we obtain the
energy spectra of the neutrons leaving the moderator. A comparison of the energy spectra for
water at 3(X) K, ice at 70 K, and ice at 20 K is shown in Fig.3. These spectra are not corrected
for dead-time and the time distribution of the moderation process.

The presented data in Fig.3 are only normalized to the number of incident protons and
the active detector area. We like to point out the spectra are not normalized to the 1/H-slope
but shown in their absolute values. The accordance of the l/H-slope is remarkable. The shift
of the spectra to lower neutron energies for colder moderator temperatures is evident. Similar
experiments were performed by Inoue et al. [3.4|. Fig.4 illustrates the published energy spec-
tra for water/ice moderators al several temperatures.

Ttf * <*

Figure 4. Energy spectra of water/ice at several temperatures measured by Inoue et al. |3,4|.

Comparing these spectra with the spectra measured al JKSSICA it can be recognized
that the shapes of the energy spectra of both experiments in principal are in accordance. When
normalizing the JKSSICA data to 10 at 1 eV we observe same differences. The JKSSICA
measurements show a slightly lower slope in the l/K-region. We suggest that this is an effect
of the counting rate reducing cadmium aperture which is less effective for neutron energies
above 0.4 eV. Larger deviation we observe at the maximum. This is due to the reentrant hole
in the cylindrical moderator used by Inoue et al.. However the typical structure in the energy
region between 0.01 eV and 0.1 eV can be seen also in our measurements. Whether we use a
different moderator geometry in our experiments the comparison with older measurements
demonstrates that with JKSSICA reasonable results can be obtained. From these spectra we
determined the effective moderator temperature. This was a check, if the experiment will be
sensitive to changes of the moderator temperature. The determined values are listed in Tab. I.
For the determination of the effective moderator temperature we assume a Maxwell distribu-
tion of the energy range of the maximum.
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Table 1. Real moderator temperature compared with the determined effective moderator temperature.

Real temperature
as measured
effective moderator temperature
determined from experiment
effective moderator temperature
determined from MC-simulation

Water 300 K

300 K

343+14.7 K

309+10.2 K

Ice 70 K

70 K

110+2.2 K

120±2.5 K

Ice 20 K

20 K

71±4.0K

63+1.6 K

The first result is, that we see the decrease of the temperature also in the data. But the
effective moderator temperature determined from the experimental data as well as those from
Monte-Carlo simulations results in higher temperature especially for ice than the real tem-
perature. Whereas the above-mentioned assumption is correct for water, it is no longer valid
for an ice moderator resulting in higher effective temperatures. A further reason is that we
measure the neutrons leaving the outer surface of a rectangular moderator box. The maximum
of the determined spectrum is shifted to higher energies than compared with a spectrum
measured while viewing the moderator through a reentrant hole.

3. WAVELENGTHS DEPENDENT TIME OF FLIGHT SPECTRA FOR WATER AND ICE

The wavelengths dependent time of flight spectra are measured applying the method of
Bragg reflection. A pyrolitic graphite crystal was moved into the neutron flight path selecting
wavelengths of V1=4.74A, A/2=2.37A, A/3=1.58A, A/4=1.19 A, and X/5=0.95 A. These
neutrons are counted with a neutron detector located in a second neutron flight path perpen-
dicular to the direct neutron flight path. In Fig.5 the wavelength dependent time structure for
water at 300 K and ice at 70 K and 20 K is illustrated.
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Figure 5. Wavelength dependent time structure for water at 300 K and ice at 70 K and 20 K.

Here also the shift of the energy spectra towards lower energies, longer flight times re-
spectively, can be observed. Whereas the peak intensity at 4.74 A increases with lower tem-
peratures the intensity e.g. at 0.95 A is lower the lower the moderator temperature is. These
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data were analyzed in more detail. We determined the peak width at FWHM and the decay
constant. The values are listed in Tab.2.

Table 2. Peak widths and decay constants for water at 300 K and ice at 20 K for different wavelengths.

300 K
Peak width at FWHM in us
decay constant us'1

20 K
Peak width at FWHM in us
decay constant us"'

0.95 A 1.19 A 1.58 A 2.37 A 4.74 A

50
0.018±I2%

60 us
0.016±6%

90 us
0.014±7.5%

100 us
0.015±10%

30 us
0.057±12%

50 us
0.039±I2%

90 us
0.019±9%

280 us
0.0O5±8%

4. ENERGY SPECTRA OF A METHANE-HYDRATE MODERATOR

For the first time we investigated a methane-hydrate moderator. The basic idea of such a
moderator is to combine the spectral properties of ice and solid methane resulting in higher
neutron intensity over a broader energy region. This will help to increase the neutron current
of a spallation neutron source by a factor of two to three. With the JESSICA experiment we
like to validate this presumption.
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Figure 6. Energy spectra of methane-hydrate (triangles) and ice (circles) at 20 K. The right diagram
shows the energy spectra with background correction whereas the left picture illustrates the same
spectra without background correction.

At JESSICA a methane-hydrate moderator at 20 K was investigated. In figure 6 the
energy spectrum of a methane-hydrate moderator is plotted compared to the spectrum of an
ice moderator at 20 K. The left picture shows the comparison of the energy spectra without
background correction (assuming a constant background), the result being very promising. It
can be seen that the methane-hydrate data are very similar to ice in the energy range above
1 10"2 eV. For lower energies a gain of a factor of two can be seen. But unfortunately the
results looks quit different when subtracting the background obtained with a cadmium
measurement. The gain in the energy range below 410"3eV is still visible, but for energies
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between 410" eV and 2 1()'eV the melhane-hydrate moderator is inferior to an ice
moderator. We like to remark, that the shown energy spectra are only normalized to the
number of incident protons and the active detector area, but neither to the hydrogen density
nor to the mass density.

5. CONCLUSION

In this article the latest results of the JESSICA experiment were presented. We meas-
ured the time of flight spectra for water and ice at different temperatures. From the time of
flight spectra the energy spectra were derived. In the future we will compare the data with
Monte-Carlo simulations using new neutron scattering kernels |7 | . First measurements with a
methane-hydrate moderator delivered promising results but have to be confirmed with further
measurements. Especially the background effects will be studied in more detail using a neu-
tron generator. The experimental investigation of the wavelength dependent time structure of
the neutron pulses will be performed during the upcoming beam time.
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