AS-TEXONO/06-02
December 14, 2005

NSC Research Proposal (2005-2006)
on
Research Program on High Energy Emissions
and Other Exotic Phenomena

in Sonoluminescence

J. Antos @, T.Y. Chen #, J. Bao 7, H.X. Huang 7, J.C. Jon ¢, S.C. Lee ?,

H.I Leong °, D.L. Lin %, F.K. Lin °, Y.H. Liu ?, R.Y. Luo ¢, J.Q. Lu 49,

H.Q. Tang 7, J.L. Tang ¢, H.T. Wong %!, J. Yang 7, Y. Yang %€, T.S. Yih €
( operating under the framework of the TEXONO Collaboration ?)

@ Institute of Experimental Physics, Slovakian Academy of Science, Slovakia
# Department of Physics, Nanjing University, China

7 Department of Nuclear Physics, China Institute of Atomic Energy, China
% Institute of Physics, Academia Sinica, Taiwan

¢ Department of Physics, National Central University, Taiwan

¢ Department of Physics, National Chung-Cheng University, Taiwan

LContact Person- Tel.: 886-2-2789-6789; FAX: 886-2-2788-9828; Email: htwong@phys.sinica.edu.tw
2Home Page: http://hepmail.phys.sinica.edu.tw/~texono

1



Abstract & Summary 3

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 is pursuing a research program in this area,
in conjunction to our mainstream particle physics program. We have already acquired the
basic techniques and enhanced our capabilities on some of them, based on our experience
with the advanced high energy physics experimentation. An inter-disciplinary team of
expertise has been co-ordinated to work coherently on this problem under the TEXONO
framework, and led by the AS group. In particular, we have successfully devised methods
to observe and measure the emissions of ultra-violet radiations and soft x-rays, from which
a publication was made. This article surveys the progresses already achieved, as well as

the current status and plans. It serves as supporting document to our NSC proposal.

3Following suggestions from the NSC convener, funding request for our mainstream TEXONO neutrino
physics program is submitted as a separate proposal.



1 Introduction

An introductory survey on the history and physics of Single-Bubble Sonoluminescence(SL),

as well as our proposed strategies and research directions, can be referred to our previous

document AS-TEXONO/03-02, available at
http://hepmail.phys.sinica.edu.tw/~texono/TEXT/TEXONO/texono0302.pdf .

A list of references [1] were also included.

Since 2003, the ORNL experiment published a more detailed paper [2] putting the
neutron detection in firmer footing. Meanwhile, we identified another possible research
direction: measurement of the angular correlations in SL to perform an HBT measurement

(a la heavy ion physics) to probe the intrinsic spatial structures of SL emissions [3].

In addition, there are reports showing plasma formation in SL [4], as well observations
of bremsstrahlung spectra from SL at 1 MHz frequency which imply a core temperature
as high as 10° K. Both advances suggest that there are much to explore in the potentials

of achieving high temperatures this physical process.

It is worth-noting that by pursuing a multi-disciplinary subject beyond typical ex-
pertise of the high energy physics group, we are adding much vigor and flexibilities to
our research program. We notice that such table-top projects are attractive to students,
and they will learn many of the advanced particle physics experimental techniques along
the way. Researchers from other fields find such subjects closer to their expertise and
are willing to explore scenario of working with us. We believe that such projects will,
at the end, enhance our versatilities and capabilities in our mainstream particle physics
program. The experience is so far positive, and will serve as a reference if we may wish to
get involved — indeed to launch and to take lead — in other multi-disciplinary subjects

in the future.

2 Research Directions & Status

1. Collaboration Organizations:

In 2005, we successfully initiated the research activities with the NCU team (under
Prof. T.S. Yih), whose tasks are to set up an optical bench to measure the optical
spectra from SL emissions under varying conditions. In addition, a Slovakian team
(under Prof. J. Antos, who has worked with ASHEP group at CDF) also initiated
a SL program based on our input. Funding request were made in Slovakia and we

expect to proceed together in an collaborative mode.

The CIAE team is also growing. It is applying for a 5-year “Major Project” funding



in China, while Master and Ph.D. students are joining the efforts.

NJU’s student Lu Jia-Qi is proceeding towards his Ph.D. thesis in 2007, on the
studies of fluorescent emissions in SL.

The program has made its first international presentation at the “WCUUI’05” Con-
ference at Beijing in September, 2005. Our first paper [6] on the observation of

fluorescent emissions in SL will appear in the journal Ultrasonics.

. Learning the Basic Skills and Developing the Essential Tools :

We have already mastered the basic skills. Standard SL conditions can be robustly
produced in spherical and cylindrical flasks. Gas and liquid handling system have
been built where one can have the dissolved gas composition controlled. SL con-
ditions were produced in liquids other than water (sulphuric acid, phosphoric acid

...), and in frequency other than the fundamental harmonics.

Advanced electronics, data acquisition, analysis and monitoring tools have been
developed, including GHz digital oscilloscope readout via LabView, VME readout
on multi-event ADCs (DAQ rate up to 20 kHz !) and 2 GHz FADC (DAQ rate
at ~300 Hz), as well as data analysis packages in the event-by-event mode with
ROOT.

It should be noted that developing these advanced techniques for concrete applica-
tions provide an excellent platform for training students to the sophistications of in

high energy physics instrumentations.

. Detection of High-Energy Photon Emissions in SL (AS,NCU):

The physical basis as well as the experimental details on this program can be referred
to our published paper [6]. The measured pure SL and fluorescence light (FL), as
well as the convoluted SL+FL emissions in quinine-doped water, are depicted in
Figures 1a&b, respectively. In parallel, the optical spectral shape measurements are
being prepared at NCU, and will provide complementary information to the pulse

shape analysis.

The technique developed allows quantitative studies on the emissions of high-energy
radiations in Single-Bubble as well as Multi-Bubble Sonoluminescence which may
shed lights on its underlying physics mechanism. After proper calibrations, the
measured pulse shapes can be translated to a ratio of energy output between UV
and optical photons. This can be used to test and differentiate black-body and other
theoretical models in SL. In the case of black-body spectra, the temperature at the
light-emitting surface can be obtained, and this can be compared to that derived

from the measurement of the optical spectra.
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Figure 1: Measured pulse shapes of (a) the reference SL in water and FL in quinine-
doped water due to cosmic-rays, normalized to the same area, and (b) combined SL and

FL emissions in quinine-doped water, with the deconvoluted FL component overlaid.

Systematic studies will be done with varying ambient conditions like temperature,
gas and liquid compositions, acoustic pressure and driving frequency, to investigate
the relative changes in the pulse shape. In particular, in the quest of identifying
appropriate operating parameters which may favor higher temperature emissions in
SL, a direct probe of the high energy radiations will be extremely essential.

Meanwhile, the 2 GHz FADC readout at 300 Hz speed allows large data samples
to be recorded, such that one can investigate if anomalous events may occur with
small but finite probabilities.

4. Repeating the Neutron Detection Experiment (CIAE):

The CIAE team will repeat the ORNL neutron experiment. The original experiment
operated at an acoustic pressure of 15 atm, as compared to 1.2-1.5 atm for standard
SL. This is the technical hurdle we have to overcome. Contacts are established with
the Institute of Acoustics (part of the Chinese Academy of Science) at Beijing, and
prototype flasks and piezo-electric oscillators for high acoustic pressures are being
produced.

The other ingredients (neutron source, neutron detector) of the the experiment
are ready and available at CIAE. A permanent beam line is being prepared at
the accelerator facility. We can certainly enhance the neutron detection sensitivities
and accuracies through the pulse shape discrimination and time-of-flight techniques,
standard in neutron physics.

5. Angular Correlation Studies (CIAE):

Hanbury-Brown-Twiss (HBT) interferometry has been used in studying internal
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dynamics of stars and in heavy ion collisions. Spatial-and-temporal correlations
of SL emissions with HBT analysis have been studied theoretically [3] as means
to probe the dimensions and distributions of the SL light source — an important

problem.

Several experimental groups are pursuing this but without success yet. The key ex-
perimental challenge is to devise methods for a “ps timing-filter” to the correlated
events. The CIAE is also investing a branch of its activities towards this direction.
The first goal will be to reproduce and enhance the measurement on bubble as-
phericality [7] where correlations between readouts by conventional PMTs will be

sufficient.

. Timing Structures of SL Emissions (AS):

In the course of our studies, we observed interesting structures in the time-evolution
of SL emissions. Analysis tools based on Fast Fourier Transform have been devised
to translate the time-domain signals to frequency-domain information. Further

systematic studies are under way.

Request of this Proposal

We request funding support for the AS-based parts of the program discussed in Section 2.

These include: (a) chemicals and piezo-electric ceramics, (b) components on optics bench,

and (b) maintenance and upgrades of the VME-based DAQ system. On the manpower

side, we request one R.A. position for core member Lin Feng-Kai (who produced our first
M.Sc. thesis in 2004) to work in this program at AS.

The CIAE-based part (neutron detection) are supported by various agencies in China.

We request only travel support for the team to make trips to Beijing to participate in

collaboration meetings and to share data taking duties.
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