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Abstract

Recent claims of sonoluminescence-induced nuclear fusion have induced much interest
in this subject. There are still many unknowns in this newly discovered phenomenon
such that there are much room for research topics and surprises. The experimental high
energy physics group of the Academia Sinica proposes to initiate a research program in
this area. We would gather an inter-disciplinary expertise to attack this problem, based
on our experience with the advanced experimental techniques. This article discusses the
physics motivations as well as our plans and strategies to realize these goals, and serves

as supporting document to the NSC proposal.
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1 Introduction and Motivation

Single-Bubble Sonoluminescence(SL) [1, 2] is a phenomenon first observed in 1989 [3]
where an acoustically trapped and periodically driven gas bubble collapses so strongly that
the energy focusing at collapse leads to light emission. When the acoustic driving pressure
(P,) exceeds that of the ambient pressure (Py), the liquid breaks apart (cavitation) at
some large enough tension. Light emission occurs at P,/Py ~ 1.2—1.4 and with the water
degassed to around 20% of its saturated concentration of air. A typical frequency of a
sinusoidal driving acoustic wave of 20-40 kHz is applied, and the dynamics of the bubble
radius is strongly nonlinear. The ambient/undriven radius (rg), typically 5 um, collapses
very rapidly once every period from its maximum radius ry,x ~ 50 pgm to a minimum value
of Tin ~ 0.5 um, changing the volume by a factor of 10°. The dependence of the bubble
radius with time and driving pressure is well fitted to the bubble dynamics description

with the Rayleigh-Plesset equation [4].

Subsequent experiments have demonstrated the properties of the system as well as its

sensitivity to experimental parameters [5]. The major observations include:

e small amount of noble gases or other impurities can strongly increase the light yield,

the light yield is also affected by small changes in parameters like the acoustic driving

pressure, dissolved gas concentration and liquid temperature,

the spectra of emitted light tends to peak at ultra-violet,

the emitted spectra also depend on the type of gas dissolved, and

the SL pulse width is extremely fast, at the range of the order of 100 ps [6].

While the bubble dynamics is known, the detailed mechanism of light emissions is
not well understood. A variety of models were formulated. One class relates the energy
focusing in the bubble by a converging spherical shock wave (SW), while another suggests
diffusive transport and adiabatic heating (AH) leading to thermal emissions. The SW
models predicts ultra-fast pulse (<100 ps) and can generate a temperature as large as
10® K, sufficient for inducing nuclear reactions [7]. The AH models [8], on the other
hands, favor slower pulse (>100 ps) and a much lower temperature of 10* K. By fitting
the observed spectrum to be the tail from a black-body emitter, the temperature of the
gas inside the bubble should be at least 25000 K. This issue remains unresolved, and the
reality can also be a combination of both.

A paper [9] published in March 2002 by researchers from the Oak Ridge National
Lab (ORNL) in USA on “Evidence for Nuclear Emissions During Acoustic Cavitation”



immediately aroused much interest and attention. The article reported neutron emissions

from SL in deuterated acetone (C3DgO), interpreted as d-d fusion :
d + d — *He +n(2.5 MeV)

However, another group at ORNL failed to reproduce the results and there are heated

debates in e-prints [10] among the groups.

While the verdict of this experiment is still in the air, the SW class of models on SL
do predict temperature high enough to achieve nuclear reactions under certain conditions.
That is, there are elements of unknowns as well as room of surprises in the SL systems

which are based on valid physics arguments, making it a motivated research directions.

2 Plans and Strategies

2.1 Personnel and Expertise

Since the summer of 2002, we have gathered a team to proceed in this subject, under
the co-ordination and based on the resources of the AS experimental high energy (HEP)
group. Two first year Master students have joined (Lin FK from NTHU, and Iong CH
from NCTU) and would turn this subject into their Master theses. Dr. Chan Chi-Keung
from AS Fluid Mechanics Group has experience in fluid mechanics and the production
of SL in water. He has agreed to be the consultant to help us to arrive to the state of
producing SL in water. The AS’s HEP group (Chang WC, Lee SC, Wong TK) have the
know-how in the detection of high-energy radiations, as well as advanced techniques in

electronics, data acquisition, simulations, and data analysis.

Under the framework of the AS-led TEXONO? [11] Collaboration, collaborators at
Nanjing University (NU: Chen TY), Beijing’s Institute of High Energy Physics (IHEP:
Li Jin), China Institute of Atomic Energy (CIAE: Liu YF, Tang HQ) and Tsing Hua
University (THU) have expressed interests to explore this subject together. Both Liu
and Tang are scheduled to visit and work at AS in 2003. Contacts are being established
with scientists at the Institute of Sonal Physics, Chinese Academy of Science, also in
Beijing, with the goal of having expertise on the physics of sound waves on board. The
NU group has already put two Ph.D. students (Lu JQ, Zhou Y) to get involved in this
subject. The technical issues regarding collaboration between Taiwan and China have
been successfully addressed by the TEXONO Collaboration. Operation protocols have
been established. This would ensure smooth communications and efficient collaboration

among the institutes.

2Taiwan EXperiment On NeutrinO



While the research efforts will center at AS during the starting phase, we may evolve
into a “task distribution” operation mode at a later stage if we would achieve good results.
That is, research work will be spread — coherently and complementarily — among the
collaborating groups. Both the CIAE and THU groups have expressed interests to launch
their local program, with funding pumped in by their respective agents, after they have
mastered the basics.

We consider this as a pilot attempt for the AS-HEP group to initiate and to get involved
in an inter-disciplinary research program outside our field of elementary particle physics.
We will adopt an approach of bringing in expertise outside our field for the science and
techniques which we may not be familiar with, while contributing our instrumentation
techniques and collaborative style to make advances on the problems. The “table-top”
approach in the experiments discussed here will balance well our other involvements in
projects which are much bigger in size and longer in time scale, and therefore will add
much diversity and “degree-of-freedom” to the group. If the experience would be positive,
one can envision using that as a guideline in working on other inter-disciplinary program

with experts from other fields.

2.2 Directions and Objectives

Our focus, at least in the initial “learning” phase, will be on the various aspects related
to high-energy radiation emissions and detection schemes, based on techniques already

familiar to us. Two directions can be identified, both not fully explored in the subject:

2.2.1 Emissions of High Energy Radiations

If the ORNL [9] results turn out to be correct, the subject of SL-induced nuclear fusion
will certainly be an important one in the years to come. Even if it is refuted, the efforts
to look for high temperature/energy emissions are still worthwhile since the predictions

that this is possible are based on valid physics.
The “Golden Grail” to look for, and to study if it does happen, the physics of SL-

induced nuclear reactions include repeating the ORNL experiment on d-d fusion signified
by the detection of neutrons, under same or different conditions: different liquid, different
bubble formation scheme, effects of ambient temperature, liquid composition .... etc. We
have strong expertise on neutron physics and can easily improve on the neutron-detection
techniques by adopting both “Pulse Shape Discrimination” (PSD) and “Time-of-Flight”
(TOF) techniques, as successfully employed by a recent measurement by the TEXONO
group [12]. The PSD techniques in liquid [13] and crystal [14] scintillator are established
expertise from the TEXONO program.



A related program will be to look for high-energy photons (larger than the optical
energy range of eV) emissions induced by SL. The group has strong experience with

X-rays and 7-rays detection using crystal scintillators [14] and solid state detectors.

Supporting the efforts will be software simulation packages commonly used in nuclear
and particle physics : MCNP for neutron transport and GEANT for gamma responses in
detectors. Our experience on low-background technique will help to push the sensitivities
down, to look for rare phenomenon where the 7/n-emissions would have small but non-

zero probabilities per cavitation.

2.2.2 Sono-Luminescence in Organic Liquid Scintillator

We plan to study the possibility of SL in organic liquid scintillator. The “target” would
then function as “detector” (using the terminology in high energy experimentation), where
emissions other than the initial SL optical pulse will be re-absorbed and the energy be
converted into the optical fluorescence light (FL). The composition among SL and FL
can be resolved by PSD. In this way, the system would work as a “calorimeter”, such
that the total light output would reflect the temperature of the process. In standard
SL experiments, the temperature is inferred by extrapolating the measure-able optical
spectra to a black body spectra. The calorimetric measurement would represent a more

direct approach.

A related idea would be to adopt the phenomenon of SL as a detector scheme. While
not proven yet, the SL emissions may offer lower detection threshold, large volume scale-up
potentials and better v/n discrimination than using the FL emissions alone. The essence
of lower threshold is to “amplify” the effect by converting the sound wave energy into
measurable light yield even though the original kinetic energy deposition by the particles

may be small.

3 Request of This Proposal

Most of the resources/connections required to initiate the research program outlined can
be derived from the existing infra-structures of the AS-HEP group. The specific equipment
we need for this initial phase will be a custom-designed neutron detector. We summarize

our request to NSC as follows:

1. Construction of a high-quality neutron detector. It will be made of liquid scintillator
with PSD capability, surround by plastic scintillator as anti-Compton and cosmic ray
veto. The light is read out by fast 5-inches PMT, to enable good TOF measurement.



The technical drawing is attached.
2. Materials cost, including the acquisition of heavy water and deuterated acetone.

3. Support of an M.Sc level research assistant (Lin ST). We are looking for post-doc
researchers to dedicate on this work as well. A separate application will be submitted

when a candidate is identified.

We plan to pursue this subject in the initial phase with the equipment and techniques
already familiar to us. Therefore the neutron detector is the only equipment to be ac-
quired. When we demonstrate that we have mastered the essential skills necessary in the
subject, we will request in future proposals other advanced equipment which are not so
common in an HEP lab., such as laser systems, advanced optics system, neutron pulse

generator, multi-channel plates, streak camera and so on.

4 Summary

Sono-Luminescence is a subject of wide interests in physics, chemistry and engineering.
The search of high temperature emissions in SL is one of the exciting frontiers. There
are much room to understand the phenomenon and to derive potential applications. The

recent ORNL results, to be confirmed or refuted, enhance and substantiate this interest.

The AS-HEP group proposes to initiate a research program in this direction, com-
plementary to our existing efforts in elementary particle physics. The approach will be
inter-disciplinary and collaborative, and may serve as guideline as future similar projects.
We request NSC for the support.
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