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ABSTRACT

In this article we like to report on the progress of the JESSICA experiment. The experi-
mental setup will be described and the experimental method will be presented. Proton beam
monitoring and results from water and polyethylene will also be mentioned. The results from
the cold moderator experiments are described in another report on JKSSICA [ 11 held on lhi>>
meeting. In the end we give an outlook to the upcoming experiments with further cold IIHKI-
erator materials.

1. INTRODUCTION

JKSSICA (Julich Experimental Spallation Target Set-up In COSY Area) is an experi-
ment carried out at the Julich proton accelerator COSY. The aim is to investigate the noti-
tronic behavior of advanced cold moderator materials in a realistic environment. On this a
target-moderator-reflector assembly was constructed based on the reference design of the I!SS
[2] from 1996. The target containing 35 I of mercury is located in the center of the lead re-
flector. The surrounding reflector has a diameter of 1.3 m and a height of 1.3 m. The mod-
erators arc placed in the so called wing geometry. This means two moderators are mounted
above and below the target to prevent fast neutrons from the target directly leaking out of the
system. This reduces the fast neutron background considerably. Whereas three moderators are
filled with water the lower upstream moderator position is used to study various cold mod-
erator materials. However the aim of JESSICA is twofold: On the one hand the experimental
investigation of the neutronic behavior of advanced cold moderators is the main topic of the
experiment. On the other hand Monte-Carlo simulation codes can be validated as well. Espe-
cially new neutron scattering kernels can be validated and checked against measured data.

During the start-up phase of the experiment we measured water and polyethylene be-
cause of their well known spectra.. The advantage of polyethylene was the possibility to
check the sensitivity of the experiment to different moderator configurations like de-coupling
and de-coupling/poisoning. The first cold moderator experiments were carried out with ice at
20 K and 70 K and during the last beam time we measured the first time the spectra of a
methane-hydrate moderator.
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2. KXPHRIMHNTAL SETUP

Fig. 1 will give an impression of the experimental setup. The both proton monitors ICT
(integrating Current Transformer) [3 | and WCM (Wall Current Monitor) |4] are located in
the proton beam line in front of the target. Whereas the ICT measures the current induced by
the magnetic field of the proton beam in a coil surrounding the proton beam line, the WCM
measures the mirror current in the metallic beam tube. With these two proton monitors we
oblain the number of protons per pulse. This data are import for normalization of the neutron
time-of-flight, respectively the derived energy spectra, and the comparison of absolute values
with Monte-Carlo simulations. Between the end of the proton beam line and reflector a plastic
scintillalor is mounted, generating a start signal for the data acquisition system when a proton
pulse passes Ihe scintillator.

For our experiments we use the moderator in the so called bottom up-stream position, this
means the moderator is placed below the target in the most brilliant position. In case ol the time-of-
flight measurements the moderator is oriented under 45" to the proton beam axis. As a neutron detec-
tor we are using a LiGdBO-Detector [5,6|. The neutron (light path has a length of 5.37 m (from mod-
erator surface to detector surface). In order to reduce background effects the neutron flight path as well
the detectors are surrounded with polyethylene to moderate last neutrons. The neutron neutron beam
tube itself is constructed as a double wall tube. The space between outer and inner tube is Illled with
boron acid to absorb thermal neutrons.
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Figure 1. Setup of the JKSSICA experiment. The drawing shows the proton monitor, start counter,
neutron detectors, moderator, and the graphite crystal. Dimensions of the flight path are in mm.

In case of the measurements of the time structure of specific wavelengths, selecting via
bragg reflection at a graphite crystal, we have the possibility to use a time focusing assembly
in order to achieve a better lime resolution 17.8]. Here the moderator surface, the crystal sur-
face, and the detector surface are aligned parallel. Whereas the experiments with water and
ice were carried out with a non-time focusing assembly, it was the first time we used the time
focusing assembly when studying the methane-hydrate moderator.
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3. PROTON BHAM MONITORING

To normalize the data and comparison with Monte-Carlo simulation the determination
of the number of protons per pulse is dispensable. Even for the on-line data analysis these
data are important to check if the experiment is running correctly. Fig. 2 shows the correlation
of the both proton monitors. As expected the proton monitors show a linear correlation. Fur-
ther can be seen, that the ICT measures a 30 % lower proton beam intensity than the WCM.
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Figure 2. Correlation between both proton monitors (ICT and WCM).

With the pulse-wise data we are able to look on further correlations, available online and off-
line, to check the experiment. In Fig. 3 the correlation between ICT and neutron detector is
plotted. Here also a linear correlation can be seen, as expected. Fig.2 and also Fig. 3 illus-
trates, that the intensity of the proton beam impinging on the target varies from pulse to pulse.
But the ratio between neutrons and protons has to be constant, because the n/p-ratio depends
only on the incident proton energy, material of target, moderator, and reflector, and geometry.

Figure 3. The left picture illustrates the correlation between ICT and the neutron detector. The right
picture shows the distribution of the neutron to proton ratio (n/p-ratio).
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All these parameters are kept constant during the experiment. The distribution of the n/p-ratio
is also plotted in Fig 3. You can see that these ratio is nearly constant.

3. RKSULTS FROM WATHR AND POLYKTHYLKNK

We started our experiments with a water moderator at ambient temperature. The ad-
vantage of such a moderator is the well known spectra which is helpful to test a new experi-
ment. The measurement of the thermal neutron time of flight spectrum was performed in to
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 prevents them to reach the detector. The difference of both spectra
results in the time of flight spectra for the thermal neutrons. Thus these spectra are normalized
to the number of incident protons they can directly compared with Monte-Carlo simulations.
In Fig.4 the time of flight spectrum from a water moderator is shown as well the results from
a MCNPX | 9 | simulation. The detector efficiency is included in the simulations.
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Figure 4. Time of flight spectrum for an ambient temperature water moderator measured at JKSSICA
(solid line) compared to and a MCNPX simulation (dashed line).

Unfortunately both curves do not match very well. The difference between experimen-
tal data and simulated ones is about 60 %. Possible reasons for that could be manifold. One
possibility is the assumption of a higher detector efficiency in the simulation than the detector
really has due to an inhomogeneous detector material. This would lead to an overeslimation
of the resulting curve. A further reason could be dead-time effects in the measured spectra re-
ducing the real intensity. The last point is an error in the measurement of the absolute value of
the number of proton per pulse. Nevertheless the shapes of both curves argue very well. This
can be seen when normalizing the data to one at the maximum.

After we saw that the measurement of the time-of-flight spectra works, we started
measurements on the time structure of the neutrons to obtain more information about the
thermalizalion in the moderator. Beneath the water moderator we tested a polyethylene mod-
erator because the moderator configuration can be changed easily. We investigated a coupled,
decoupled and a decoupled/poisoned moderator configuration. Decoupling and poisoning was
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performed with 1 mm layers of cadmium. The aim was to demonstrate the sensitivity of the
experiment to changes influencing the pulse width of the neutron pulses. Figure 5 shows the
measured Bragg reflexes for A =4.74A, A/2 = 2.37A, A/3 = 1.57A, A/4 = 1.19A and A/5 = 0.95 A
for a coupled and de-coupled/poisoned polyethylene moderator. It can be seen that the pulse
widths as well as the peak intensities are decreasing by de-coupling and poisoning the
moderator. The time resolution of the experiment is 1 us, but in Fig. 5 the data are
compressed by a factor of 10 to obtain better statistics resulting in a time resolution of 10 us.
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Figure 5. Bragg reflections of neutron pulses for a coupled (solid line) and a de-coupled/poisoned
(shaded area) polyethylene moderator.

In Fig. 6 we compare the pulse widths for the above mentioned wavelengths for a
coupled and a de-coupled/poisoned polyethylene moderator. This plot illustrates the decrease
of the pulse width when de-coupling and poisoning the moderator.
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Figure 6. Pulse width as FWHM versus wavelength A for a coupled (triangle symbols) and de-
coupled/poisoned (circle symbols) polyethylene moderator measured at JESSICA.
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4. CONCLUSIONS

We demonstrated that the JESSICA experiment finished its start-up phase successfully
and is now able to start measurements of advanced cold moderator materials in a realistic tar-
get-moderator-reflector assembly. Measurements with water at room temperature and differ-
ent configurations of a polyethylene moderator showed the expected results. We started cold
moderator experiments with an ice moderator at 20 K and 70 K. For the first time we investi-
gated a cold moderator based on methane-hydrate. These results are presented in a further re-
port on this meeting [ 1 ].

In future we like to measure a solid methane moderator to complete the study of a
methane-hydrate moderator. As a reference moderator we will measure a hydrogen
moderator, because it is one of the standard cold moderators used at several neutron sources
around the world. A more ambitious aim of our experiment is the measurement of a methane
pellet moderator to demonstrate its feasibility. As result of the discussions during this meeting
we included a mesithylene moderator in our experimental program.
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