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Abstract. The Neutron Physics Department at Centro Atómico Bariloche developed new models for the in-
teraction of thermal neutrons with water which have been validated against experimental data, including new
thermal scattering experiments, and were adopted for the release of ENDF/B-VIII.0. Although the older mod-
els are, in general, good for most applications, some discrepancies had appeared in the case of heavy water,
and this motivated new measurements that validated the new model. In the case of light water, the new model
predicts a reduction of the total cross section around 0.025 eV when the temperature is increased from room
temperature. This reduction, that is not predicted by the existing models, and potentially affects the calculation
of temperature reactivity coefficients in nuclear reactors, has been traced to a shift in the vibrational frequency
spectrum of liquid water. The only experimental data previously available is from an experiment performed at
the Demokritos reactor in the ’60s at 293 K and 473 K, which validates the new model when the cross sec-
tion ratios are computed. In order to verify this effect at a lower temperature range, a transmission experiment
was carried out at the VESUVIO spectrometer in the ISIS facility in the UK in June 2018, measuring the total
neutron cross section in the range from 283 K to 353 K. Here, we present this new experimental data and its
comparison with the models.

1 Introduction

The nuclear data library ENDF/B-VIII.0 [1] incorporates
new evaluations for the thermal neutron scattering libraries
for light and heavy water. These libraries were derived
from models developed at Centro Atómico Bariloche,
known as the CAB Models for Water [2], which are based
on molecular dynamics results as well as on experimental
data. The applications of these libraries to nuclear criti-
cality benchmarks at room temperature help to reduce the
bias previously found in the calculation of water moder-
ated reactor benchmarks [1, 3].

The CAB Models introduce differences in the calcu-
lations of the total cross section and derived quantities,
which need to be verified experimentally. In the case of
heavy water, there was a discrepancy in the calculated val-
ues of the total cross section, and new transmission [4] and
scattering [5] experiments helped to verify the validity of
the new model.

One of the characteristics of these models is the tem-
perature dependence of the rotational spectra, which in the
case of light water leads to a reduction of the total cross
section around 0.025 eV when the temperature is raised
from room temperature. A similar effect was observed ex-
perimentally by Dritsa and Kostikas [6] in total cross sec-
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tion measurements performed at the Demokritos reactor
(Greece) at T = 293 K and 473 K.

In order to verify this effect, a transmission experiment
was carried out [7] at the VESUVIO spectrometer [8] in
the ISIS facility in the UK in June 2018. The experiment
was designed to measure the variation of the thermal neu-
tron total cross section of light water (H2O) in the unpres-
surized range, at temperatures between 283 K and 353 K.
The expected difference in the total cross section between
these two temperature points was of ∼ 1%, which requires
a high count rate to reach statistical significance. Previous
experiments on the same instrument [9] had shown this re-
quirement to be achievable.

2 Experimental method

The VESUVIO spectrometer at target station 1 (TS1) of
the ISIS spallation neutron source at the Rutherford Apple-
ton Laboratory (UK) was used in a configuration for neu-
tron transmission experiments. The samples were nano-
pure water contained inside of a standard flat-side alu-
minum sample holder, with a 1-mm-thick spacer and teflon
internal coatings to reduce oxidation (Fig. 1). The sample
holder was filled with water, sealed and tested in a vac-
uum oven for 24 hours at 353 K / 50 mbar to ensure that
no sample was lost. Additional details of the instrument
configuration can be found in Ref. [9].
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Heating elements and a thermocouple were attached to
the sample holder outside of the beam path, and the sam-
ple was placed inside a closed circuit refrigerator (CCR)
to control temperature. The sample was stabilized within
0.1 K before opening the beam.

Two main measurements at 283 K and 353 K were
performed, using accelerator beam time of 3515 µAh (≈
20 hours) per measurement. A shorter measurement of
1080 µAh (≈ 6 hours) was performed at 293 K to compare
with previous measurements. After the sample measure-
ments were done, the cell was emptied and measured for
2350 µAh (≈ 13 hours). Background count was measured
using a cadmium plate of 1.5 mm thick.

Figure 1. Photograph of the sample holder while it was loaded
with water.

3 Data processing and results

3.1 Data processing

Time-of-flight spectra for the samples at 283 K, 293 K,
and 353 K, empty cell and background were processed
using the data reduction and analysis application Mantid
[10, 11].

The measured transmission spectra S (E) (sample),
F(E) (empty cell) and B(E) (background), were summed
and normalized to an integral of the incident beam moni-
tor. The logarithm of the transmission σ̃(E) was computed
as follows

σ̃(E) = − ln
S (E) − B(E)
F(E) − B(E)

.

The resulting values were fitted in the epithermal en-
ergy range (0.5 eV < E < 10 eV) with the function
f (E) = A1(1 + A2/E), which is the asymptotic form of
the total scattering cross section [12]. The fitting parame-
ters were used to normalize σ̃(E) to the asymptotic value
of the total cross section, σH2O

free = 44.67 b, to match the
free gas values of H and O in the ENDF/B-VIII.0 library,

σ(E) =
σH2O

free

A1
σ̃(E) .

The results are shown in Fig. 2.
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Figure 2. Experimental total cross section for light water at the
three measured temperature points.

Fig. 3 shows the measurements at room temperature,
compared with reference data from Russell [13] (EXFOR
entry 11162003). The two sets are found to be equivalent
within the experimental uncertainty.
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Figure 3. Comparison of experimental total cross section for
light water at room temperature.

3.2 Comparison with models

A comparison of the measured and calculated difference
between the values of two total cross sections, σ(E; T2)
and σ(E, T1), is given in Fig. 4 when the temperature is
raised from T1 = 283 K to T2 = 353 K. For reference,
the calculated difference between the older ENDF/B-VII.1
evaluation [14] at 350 K and 293 K is shown in the same
plot.

In the energy range 0.015 eV < E < 0.050 eV,
a reduction of the total cross section is observed. This
difference has a minimum of −1.1 ± 0.1 b in the range
0.025 eV < E < 0.030 eV. This range of decrease is fol-
lowed by an increase of the cross section in the range of
0.050 eV < E < 1 eV. In the epithermal range the differ-
ence tends asymptotically to zero, in agreement with the
expected value in the free gas limit. Below 0.015 eV, the
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3.2 Comparison with models

A comparison of the measured and calculated difference
between the values of two total cross sections, σ(E; T2)
and σ(E, T1), is given in Fig. 4 when the temperature is
raised from T1 = 283 K to T2 = 353 K. For reference,
the calculated difference between the older ENDF/B-VII.1
evaluation [14] at 350 K and 293 K is shown in the same
plot.

In the energy range 0.015 eV < E < 0.050 eV,
a reduction of the total cross section is observed. This
difference has a minimum of −1.1 ± 0.1 b in the range
0.025 eV < E < 0.030 eV. This range of decrease is fol-
lowed by an increase of the cross section in the range of
0.050 eV < E < 1 eV. In the epithermal range the differ-
ence tends asymptotically to zero, in agreement with the
expected value in the free gas limit. Below 0.015 eV, the

measurement shows an increase of the total cross section
when the temperature is raised, which is compatible with
the greater mobility of molecules caused by a reduction of
the diffusion coefficient.

The new model correctly predicts the decrease in the
cross section of 1.1 b in the energy range 0.025 eV <
E < 0.030 eV when the temperature rises from 283 K to
353 K, an effect that was not observed in calculations per-
formed with older models of the thermal neutron scatter-
ing on light water and with evaluations different from the
ENDF/B-VIII.0. The new model also reproduces the oscil-
lations observed in the 0.1−0.3 eV energy range, although
a small discrepancy between calculated and experimental
values less than 0.2 b suggests that the high energy region
of the rotational band of H2O could be further improved in
the model.

4 Conclusions
An experiment was carried out to measure the total cross
section of light water in the 0.01 − 10 eV energy range, at
283, 293 and 353 K. The results at room temperature are
compatible with previous experiments, and the tempera-
ture variation shows changes in the total cross sections
clearly observable with the achieved statistics. In partic-
ular, at the energy range 0.025 eV < E < 0.030 eV, a
decrease of 1.1 ± 0.1 b when the temperature rises to 353
K is observed, which confirms the experimental observa-
tions by Dritsa and Kostikas (1967). At present the CAB
Model of water (incorporated in the ENDF/B-VIII.0 eval-
uated nuclear data library), is the only model that explains
this unusual feature in the behaviour of the total cross sec-
tions. This result contributes to the validation of the new
light water thermal neutron scattering evaluation included
in that library.
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Figure 4. Comparison of the measured and calculated difference
in the total cross section for light water at 353 K and 283 K, this
is, σ(E; 353 K) − σ(E; 283 K) vs. E.
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