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Abstract:

In previous experiments at the ILL the transmission of ultracold neutrons (UCN) through liquid and solid ortho-deuterium was measured.
While the general 1/v-behavior of the scattering cross section in ortho-D2 was confirmed, i.e. the cross section is inversely proportional
to the neutron speed in the UCN energy range, we also observed a peak at around E_kin = 170 neV in both the solid and liquid deuterium
data sets. This peak is also visible in the data taken by a PSI group in 2004, who used a different experimental setup. It stems very
probably from the hyperfine splitting (hfs) of the deuterium molecule.

The experiment proposed here will provide proof of whether or not the peak observed at 170 neV in ground-state ortho-deuterium (J = 0)
and the equivalent peak in hydrogen both stem from an inelastic excitation. If the experiment at IN16B is successful, it will be conclusive
proof that hfs splitting in the low-neV energy range can be directly detected with ultracold neutrons. To our knowledge, this has never
been done before.
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Abstract

In previous experiments at the ILL the transmission of ultracold neutrons (UCN) through liquid and
solid ortho-deuterium was measured. While the general 1/v-behavior of the scattering cross section
in ortho-D, was confirmed, i.e. the cross section is inversely proportional to the neutron speed in the
UCN energy range, we also observed a peak at around Eyi, = 170 neV in both the solid and liquid
deuterium data sets [1,2]. This peak is also visible in the data taken by a PSI group in 2004, who
used a different experimental setup [3]. It stems very probably from some intramolecular excitation,
possibly the hyperfine splitting (hfs) of the deuterium molecule.

The experiment proposed here will provide proof of whether or not the peak observed at 170 neV in
ground-state ortho-deuterium (J = 0) and the equivalent peak in hydrogen both stem from an
inelastic excitation. If the experiment at IN16B is successful, it will be conclusive proof that hfs
splitting in the low nano-eV energy range can be directly detected with ultracold neutrons. To our
knowledge, this has never been done before.

Aim of the Experiment

The inelastic scattering experiment at IN16B was supposed to provide proof of whether or not the
peak observed at 170 neV in ground-state ortho-deuterium (S = 0,2; J = 0) stems from an inelastic
excitation. Since the energy of 170 neV was less than the energy resolution of IN16B (~500 neV), it
was proposed to search for the analogous peak in ortho-hydrogen (S = 1; J = 1), which we expected
to lie between 730 neV (hyperfine splitting of a hydrogen atom) [4] and about 1000 neV, the hfs of a
metastable state of the hydrogen molecule [5].

With sufficient energy resolution one expects on IN16B three resolution-broadened peaks with
equal intensity due to hfs and arising from incoherent spin-flip scattering — one elastic peak and two
symmetric peaks at =AE, corresponding to the hf ground-state splitting [6].

Results

During online data analysis while performing the experiment, the conjectured hfs was not observed
in normal-H; (Cormo = 75%). Only the elastic resolution-broadened peak was visible. A more detailed
data treatment will follow, but it is unlikely to reveal a hfs signal.
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