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Please report your samples, experimental method and results, discussion and conclusions. Please add figures and
tables for better explanation.

1. 5% Name of sample(s) and chemical formula, or compositions including physical form.

Liquid helium-4 (*He), and helium-3 atoms (*He) included in commercial liquid helium-4 as isotopic impurities

2. REFERUVER (ERVIECVDENIHE . TOEHZERL TZELY,)

Experimental method and results. If you failed to conduct experiment as planned, please describe reasons.

The aim of our project is to prove possibility to generate clusters of excited “He molecules He>* (excimers) in
liquid He via the neutron-*He absorption reaction, and, if it can do, to perform 3D mappings of
normal-component flow in superfluid He by using the excimer clusters with lifetime of 13 sec as tracers, which
is critically required for complete understanding of nature in quantum turbulence but has not been performed so
far.  As the first step of all, in this experiment, we examine whether the excimers are generated when a neutron
beam is applied into liquid *He.

Liquid He was stored in a stainless Dewar with four quartz optical windows at the bottom part. Commercial
liquid He usually includes 0.3 ppm of *He as isotopic impurities. By absorption of a neutron, the *He atom
splits into 'H and *H with an energy of 764 keV, which will ionize “He atoms along their track, and lead to a
generation of a cluster consisting of typically 10* excimers. In the measurements, liquid He temperature was
kept around 2.0 K below the superfluid transition temperature by pumping, to avoid disturbance by bubbles.

For detection of the excimers, 905 nm laser pulses were applied to excite 640 nm fluorescence of excimers. To




2. REEAERUEER (DDEF) Experimental method and results (continued)

generate the 905 nm pulses, 532 nm Nd:YAG laser pulses were converted via a resonator using a Ti-sapphire
crystal. In addition, a 1085 nm cw repumping laser was also applied to help excimers to return the ground state
for a sufficiently short time. In this experiment, a neutron beam with a cross section about 1c¢m? passed through
liquid “He by two optical windows of the Dewar. The 905 nm pulsed laser and 1085 nm repumping laser (cross
section ~1 mm?) were also applied in the center of the neutron beam in parallel. In this condition and for 150
kW neutron beam at J-PARC, a generation rate 2.4 clusters/sec for the excimer cluster is expected in the applied
laser volume. And, 640 nm fluorescence from the excimers was observed through an optical window placed in
the direction perpendicular to the beam, by a photomultiplier (PMT) with a 640 nm bandpass filter.

The figures below are examples of PMT signals after a 905 nm laser pulse, with and without neutron beams.
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pulse 0.1-0.18 psec behind it, respectively. Even considering contributions of these direct photons, several
peaks were additionally observed in the neutron-applied case as shown in the left figure, which are considered to
be fluorescence from the excimers generated by the neutron beam.

To appropriately consider the contribution of additional signals directly from laser pulses, in this experiment,
each event after a laser pulse such as the above figures is individually collected by a digital oscilloscope in a
random manner, and the cases when the neutron beam is applied and not applied were compared. The typical

data which most clearly shows the effect of a neutron beam is below. The vertical axis is times of PMT peaks
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Timo on the clock (how) unknown reason, the efficiency of signal acquisition is lower
than the case of the above examples, so that numbers of peaks
are less than those. However, it can be clearly seen that the number of peaks decreases immediately just when
the application of neutron beam was stopped. This successfully proves the effect of neutrons on the excimers
showing the multiple peaks in PMT signals. This experiment is thus the first observation of helium excimers
generated by neutron beams.
Fortunately, this experiment also clarified several technical problems which should be settled in next steps of
our project, for examples, the efficiency of the present laser settings. Their improvements will allow us to

observe positions of helium excimers by a high-speed video camera in future experiments.






