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Fig. 1 Schematic view of a 50 MeV linac, an assembly of slow
positron generator, a slow positron transport line and an ex-
perimental station for positronium time of flight (Ps—TOF)
spectroscopy: (upper) drawing; (lower) photograph.
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Fig. 2 Ps-TOF measurement experimental setup: (left) principle; (right) photograph.
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Table 1 Sample properties as obtained from the elipsometer and
nitrogen gas adsorption/desorption measurements

Thickness |Porosity| Pore size
Layer | &) | (%) | &)
Layer 2

Layer 1| 523 4.6 |40+10, 5.0

Layer 3
Layer 2| 830 40.3 |40£10, 5.0

Si Wafer

Layer 3| 1448 50.6 |40+10, 5.0
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Fig. 3 Diffusion of positronium in a porous layer. When the positrons are implant-
ed into the middle of the capping layer, they find themselves in an amor-
phous silica layer that forms positronium efficiently. Ps will diffuse to the
surface and will be emitted into the vacuum This Ps will be detected by a
gamma detector (upper). An obtained Ps-TOF spectrum with different inci-
dent positron energies, ranging from 0.5 keV to 3.0 keV. The distance be-
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tween the sample and the detector slit is 45 mm. The Ps yield was normal-

ized to the measurement time (10,000 sec) (lower left). The integrated Ps
decay events over the time region 95-100 ns. The variation in Ps yield

reflects the sample structure (lower left).
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Fig. 4 Schematic view of formation and diffusion of positronium in
a spin-on capped, open-pored, and mesostructured low-k
film with two-dimensionally connected cage-like pores
(left). FE-SEM image of the as-synthesized sample (scale
bar, 60 nm; 500k x ) (right).
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Fig. 5 Obtained Ps-TOF spectrum in (a) a mesostructured low-k film and (b) a capped low-
k film with different incident positron energies, ranging from 0.2 keV to 3.0 keV. The
distance between the sample and the detector slit is 45 mm. The zero of time was fixed
at the prompt peak. The width of the peak is due to the linac pulse width. The counts
for 1<0 are associated with gamma rays and neutrons from the bremstrahlung pair
production target.
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Fig. 6 Single-shot lifetime spectra for compressed and expanded beams. The inset shows the
beam profiles for compressedand expanded beam, with areal densities of 3.3 and 0.49
x 100 ¢cm 2, respectively (left). Density dependence of the quenching effect, Q is con-
stant delayed more than 100 ns divided by the total counts in the lifetime spectrum.
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Abstract Bose-Einstein condensation (BEC) effects of many positronium (Ps) atoms would be interesting
to observe in a material in which there are a great many interconnected pores such that Ps can diffuse over
long distances. If we can confine the Ps in a very thin film by preventing escaping into vacuum, a denser Ps gas
can be produced. Nanocasting, using highly ordered micelles as a template, has brought forward incredible
possibilities in producing Bose-Einstein condensation of positronium, and has led to a large density of Ps atoms
with: (a) small pore diameters (3—-6 nm); (b) large surface areas (up to 1000 m2g~"); and (c) tunable 1-D, 2
-D and 3-D mesostructures. For the purpose of producing a dense positronium gas, a diffusion barrier be-
tween mesopores must be continuous and very thin, and the tradeoff between continuity and thickness of the
barrier affects the Ps gas density in the porous layer underneath. In the last several years, positronium time of
flight spectroscopy (Ps—TOF) has become an established technique for probing Ps emission from surface or Ps
diffusion in matter. If the small pinholes or discontinuities in the barrier itself form a passage allowing Ps to es-
cape into vacuum, this effect can be easily detected by Ps—TOF spectroscopy. We performed a depth-profiled
positronium time of flight measurement at KEK-SPF to investigate ultra-thin diffusion barriers on three differ-
ent types of spin-on low dielectric constant (low-k) mesoporous silica films. Maximum positronium intensity
was found with a positron implantation energy that reflects each sample structure and is consistent with our
model that the diffusion barrier on each sample is almost impervious. We intend to review the results of
research into the characterization of the diffusion barrier using positronium time of flight spectroscopy in re-
cent years from the view point of atomic scale. Detailed experimental procedures are described, and the
results are discussed with their applications and future challenges in producing BEC. A simple view of the
prospects in the area of high-speed microelectronic devices is also provided.
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