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September 25, 2012
Dear Colleagues and Friends:

Welcome to the 7™ Cross-Strait Tsing Hua Physics Symposium! As a platform for
enhancing mutual understanding and promoting collaboration and friendship between the two
sister institutes, this symposium has played a critical and important role in the past. This year,
we made some changes. First of all, the symposium was held off-campus. Away from the
routines of the campus, perhaps the retreat-like atmosphere would help stimulate thinking out of
the box. It is high time for some critical thinking. Higher education as we know may evolve
into something completely different in the next decade. Are we preparing physics majors
sufficiently for their future endeavors? How can an Asian university with limited resources
compete globally in face of the likes of branches of Ivy League schools in our backyard or the
Itunes University? This year, we also invited our graduate students and postdoctoral
researchers to attend. My colleagues have been admiring the talented and hard-working
students that Beijing Tsing Hua educated. On the other hand, the few exchange students from
Being Tsing Hua that we hosted were known to have enjoyed their stay in Taiwan. Hopefully,
we can arrange future symposiums promoting the interactions among our students as well.

It is perhaps fitting that the symposium is held during the mid-Autumn Festival, a time
traditionally reserved for family reunion. We shall have a merry reunion of the greater Tsing

Hua family!

With warmest regards,

BAE

Ci-Ling Pan, Professor and Department Chair
Department of Physics and Institute of Astronomy
National Tsing Hua University

Hsinchu, Taiwan
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How unconventional the unconventional superconductors are?
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Plasmonic Nanoantennas and Nanolasers

% % & Shangjr (Felix) Gwo
Department of Physics, National Tsing Hua University, Hsinchu, Taiwan

—  ERRE

Optical diffraction limits the spatial resolution of light focusing and guiding by conventional
lenses, fibers, and waveguides to about the light wavelength. To date, this fundamental limit (Abbe
diffraction limit) remains an insurmountable barrier for the modern developments of super-resolution
optical microscopy,photolithography, optical data storage, and integrated photonics.

Recently, the concepts of plasmonics have been successfully applied to imaging, lithography, data
storage, photovoltaics, and biochemical sensing. In the early research stage, the surface
plasmon-polaritons (SPPs) excited by the incident optical wave at the planar noble-metal/dielectric
interface is the main means to create surface plasmons. Later on, gold and silver nanomaterials (e.g.,
nanoparticles or nanorods) have been introduced to generate local surface plasmon resonance (LSPR)
by visible lights.

Very recently, we have demonstrated a new paradigm to realize 0-D (dimers), 1-D (linear
nanoantenna arrays), and 2-D/3-D plasmonic metamaterials (artificially structured nanoparticle
composites exhibiting unusual and tunable plasmonic properties) based on large-scale self-assembly
and high-precision nanomanipulation of colloidal gold and silver nanoparticles.

Using these techniques, we can control not only the plasmonic resonance over the complete
visible and near-infrared spectrum range, but also the subradiant (dark) or superradiant (bright) mode.
Usually, plasmonic dark modes are difficult to be studied and they hold great promise for nanoantenna
and waveguide applications, such as low-loss subwavelength detection, concentration, manipulation,
and transport of light. Furthermore, we have been able to demonstrate the 3-D subwavelength green
plasmonic nanolaser based on hybrid Ill-nitride (InGaN)/noble metal (Au or Ag)
metal-oxides-semiconductor (MOS) nanostructures.

The nanolaser work represents a significant step toward active plasmonic components, which are
critically needed to overcome the intrinsically lossy feature of passive plasmonic components.
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gwo@phys.nthu.edu.tw



Ultra High Resolution Optical Coherence Tomography and
Nonlinear Confocal Microscopy Using Ultra Fast Laser

=T Ping Xue
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For biomedical study new technologies help to better understand complex biological system and
medical phenomena. Among more and more sophisticated equipments which are utilized to
implement relevant study, ultra fast laser plays a unique role and is known as state of the art technique
for biomedical imaging.

Ultra short pulse of ultra fast laser leads to broad bandwidth and short coherence length. This
enables ultra high resolution in the new emerging technology, known as optical coherence tomography
for micron-scale cross-sectional imaging of bio-tissue. High power of ultra fast laser may generate
large nonlinearity and enable new methodology as nonlinear confocal microscopy.

In this talk, ultra high resolution optical coherence tomography will be discussed as a high
potential technique in clinical diagnosis and surgical guidance. With submicron resolution optical
coherence tomography can give cellular imaging and is regarded as optical biopsy in clinic.
Nonlinear confocal microscopy will be also discussed as a powerful technique for biological study at
molecular level, while ultra fast laser is the best light source to implement in vivo and real time
imaging of living cells with large penetration depth.

Some examples will be demonstrated for ultra high resolution optical coherence tomography in

clinical diagnosis and nonlinear confocal microscopy in biological study as well.
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“Compressed sensing with linear-in-wavenumber sampling in spectral-domain optical coherence
tomography” Optics Letters, 37(15):3075-7, (2012)

“Spectral-domain optical coherence tomography with a Fresnel spectrometer” Optics Letters,
37(8) : 1307-9, (2012)

“Label-free subcellular 3D live imaging of preimplantation mouse embryos with full-field optical
coherence tomography”. Journal of Biomedical Optics 17, 070503. (2012)

“Wave Front Division Interferometer Based Optical Coherence Tomography for Sensitivity
Optimization”, Optics. Communications. 285, 1589-1592, (2012)

“Handheld optical coherence tomography device for photodynamic therapy” Chinese Science
Bulletin  57(5) : 450-4, (2012)

“Imaging port wine stains by fiber optical coherence tomography” Journal of Biomedical Optics,
15(3), 036020, (2010)

“Reconstruction of complementary images in second harmonic generation microscopy” Optics
Express, 14(1): 4727-35, (2006)

"Particle-Fixed Monte Carlo Model for Optical Coherence Tomography", Optics Express,
13(6):2182-95, (2005)

“How to Optimize the OCT image” Optics Express, 9 (1): 24-35,(2001)
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Department of Physics, Rm B-307 > Tsinghua University » Beijing 100084
Tel: 86-10-62784531 ext.197 > Fax: 86-10-62781598

Email: xuep@tsinghua.edu.cn



Cold molecule and Atom-Molecule collision

Flis2 Yi-Wei Liu
Department of Physics, National Tsing Hua University, Hsinchu, Taiwan

— ERREE

High density ultracold rubidium molecules formed via photoassociation are investigated utilizing
the absorption image of the ultracold rubidium atoms mixed with the molecules in a crossed optical
dipole trap. The resonant coupling effect on the formation of the X12+g ground state ®*Rb, allows for a
sufficient number of more deeply bound ultracold molecules, which induced an additional trap loss
and heating of the co-existing atoms owing to the inelastic atom-molecule collision. This inelastic
collision was used as a new detection mechanism of the ultracold molecule. The number density of the
ultracold ®Rby molecules in the optical trap was estimated to be > 5 x 10'! cm >, The temperature of
Rb in the Rb-Rb, mixture was observed to be higher by a factor of 1.3 in comparison with the Rb only

ensemble.
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Investigation of the quark-gluon plasma employing
the kinetic theory
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Exploring the dynamic high energy universe with the Fermi Space
Gamma-ray Telescope

L # Albert Kong

Institute of Astronomy, National Tsing Hua University, Hsinchu, Taiwan

— - EBREE

With the launch of the Fermi Gamma-ray Space Telescope (Fermi) in mid-2008, we have entered
a new era of high-energy astrophysics. At National Tsing Hua University, we are leading an effort of
the Fermi Asian Network (FAN) to study exotic astrophysical objects using the Large Area Telescope
(20MeV-300GeV) of Fermi. Together with collaborators from Taiwan, Hong Kong and Korea, not
only we are the first non-NASA led Fermi team to publish papers using Fermi data, we are also very
active to promote Fermi science in Asia. In this talk, I will review some of our important discoveries
including gamma-ray emission of globular clusters and millisecond pulsars, the first study using Fermi

of a gamma-ray binary, and studies of unidentified Fermi objects.
- IR EHEN
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CBEEA

akong@phys.nthu.edu.tw
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Studies on Carbon Nanotubes -- from Growth Mechanisms
to Applications
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Decoherence in an Aharonov-Bohm Interferometer

et ® Jeng-Chung Chen
Department of Physics, National Tsing Hua University, Hsinchu, Taiwan

—  EBRE
This talk is about the studies of quantum dephasing mechanism of a ballistic quantum ring, and

the implications of our results in operating quantum electronics. Finally, few ongoing works in our

group will be briefly introduced.
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Email: jecchen@phys.nthu.edu.tw
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The Second Harmonic Generation of Picosecond Pulses base on
Duo-Stage Ytterbium-Doped Fiber Amplification

Chih-Hsuan Lin ' (#+ & #),Feng-Hua Tsai '* (3243 4%, Yi-Jing You' (3% #),Alexey
Zaytsev® (3% % ), Chi-Luen Wang *(2 £k ), and Ci-Ling Pan'*"G% & &)
! Inst. Photon.Technol. And * Dept. of Phys., Natl. TsingHua Univ., Hsinchu 30013, Taiwan
Cleverwave Tech. Inc., Daren Rd., Taoyan City, Taoyan County 330, Taiwan
“zippy0213@hotmail.com, *clpan@phys.nthu.edu.tw

Nowaday, LED manufacturers need Q-switched laser or diamond blade to do wafer scribing.
However, diamond tools are expensive and are used up rapidly. By using Q-switched laser, the
precision of processing is smaller than 100 pm and is better than the diamond scribing. But the peak
power of Q-switched laser isn’t high enough to reach the ablation threshold. To get better performance
of material processing, high power picosecond laser source is needed. With shorter pulse width and
higher peak power, it’s easier to reach ablation threshold. Wavelength is another key factor in
processing. Green or ultraviolet laser source is widely used for specific material, Sapphire and GaN. In
this reasearch, by using type-I critical phase matching in Lithium Triborate (LBO), we demonstrate
second harmonic generation of a high-power picosecond ytterbium-doped fiber laser system.By
optimizing focal length of fucusing lens and polarization state of the fundamental light at 50 W, we

generate 5.5 W of the green output.

References:

[1]1D. A. Kleinman, A. Ashkin, and G. D. Boyd, “Second-harmonic generation of light by focused
laser beams,” Phys. Rev., vol. 145, no. 1, pp. 338-379, May. 6, 1966.

[2] GD. Boyd and D.A. Kleinman, “Parametric interaction of focused gaussian light beams,” J. Appl.
Phys., vol. 39, no. 8, pp. 3597-3639, Jul. 1968.
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Ultrafast Carrier Dynamic and Terahertz Conductivity of
Indium-Tin-Oxide Nanostructure

Chan-Shan Yang', Chan-Ming Chang', Jia-Min Shieh’,Peichen Yu’and Ci-Ling Pan"

1.Department of Physics, National TsingHua University, Hsinchu, Taiwan (R.0.C.)

2.National Nano Devices Laboratories, Hsinchu, 30078 Taiwan

3.Department of Photonics and Institute of Electro-Optical Engineering, National Chiao Tung University,
Hsinchu, 30010 Taiwan

* clpan@phys.nthu.edu.tw

We study the carrier dynamic and frequency-dependent complex refractive indices and
conductivities of ITO thin films, nanorods, and nanowhiskers by THz time-domain spectroscopy
(THz-TDS). In order to obtain the complete optical and electrical information, we combined the
experimental results of complex refractive indices measured from the PC antenna (0.15-1.4THz) and
laser-induced gas plasma (0.5-4THz) THz-TDS system. Because the complex conductivities can be
extracted from the refractive indices, the important electrical parameters for optoelectronic materials,
such as DC mobilities and carrier densities fit complex conductivities of the ITO thin films, nanorods,
and nanowhiskers by Drude-Smith model, will be much more accurate. We have determined that the
plasma frequencies of the ITO films are in the range of 1547-3170 rad-THz, while the corresponding
scattering times are 4.32-9.19 fs. For nanowhiskers and nanorods, the plasma frequencies are 751-853

versus 561-1006 rad-THz, and carrier scattering time are 13.2-39.6 versus 13.5-31.7 fs, respectively.
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A high-power picosecond laser based on master oscillator fiber
amplifier system

Yi-Jing Youl, Feng-Hua Tsail, Chih-Hsuan Lin;,aAlexey Zaytsevz, Chi-Luen Wang3,
Ci-Ling Pan
'Institute Photonics of Technolgies, National Tsing Hua University, Hsinchu, 30013, Taiwan.
2Department of Physics, National Tsing Hua University, Hsinchu, 30013, Taiwan.
’Cleverwave Tech. Inc., Taoyan County, 330, Taiwan.

* clpan@phys.nthu.edu.tw

Ultrafast pulses at high average powers are useful in numerous application areas including
industry micromachining, nonlinear frequency conversion, medical application, and fundamental
science. The system based on fibers is an attractive technology for compact, robust, and reliable
ultrashort-pulse sources. Thus, fiber laser and amplifiers are more interesting for recent researches.

In this research, we designed, constructed and characterized a high-power master oscillator power
amplifier (MOPA) system using a dual-stage ytterbium doped fiber amplifier. We can achieve over
60 W output power of 1064 nm signal with 80% optical conversion efficiency. The amplified pulses
exhibit excellent beam quality. The experimental results are in good agreement with theoretical and

predictions.

References:

[1] A. Zaytsev, Chi-Luen Wang, Chih-Hsuan Lin, Yi-Jing You, Feng-Hua Tsai, Ci-Ling Pan, Laser
Physics, Vol. 22, No.12, pp. 2012
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The X-ray population study in the spiral galaxy M101

K. L. Li" and A. Kong'
!Institute of Astronomy, National TsingHua University, Hsinchu, Taiwan (R.0.C.)
* lilirayhk@gmail.com

We report the preliminary result of our X-ray population study on the face-on spiral galaxy M101
using the 1Msec Chandra observation. By cross-checking the 1Ms Chandra X-ray image and the

corresponding Hubble Space Telescope (HST) data, we would be able to identify some optical
counterparts for the X-ray sources.

References:

[1] Kuntz, K.~D., & Snowden, S.~L., “The Chandra M101 Megasecond: Diffuse Emission”, ApJS 188,
46 (2010).
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Neutrino masses via the Zee mechanism in the 5D split
fermion model

We-Fu Chang", I-Ting Chen'and Siao-Cing Liou'
Department of Physics, National TsingHua University, Hsinchu, Taiwan (R.O.C.)
* wfchang@phys.nthu.edu.tw

We study the original version of the Zee modelin the framework of the split fermion model in 5D
space-time. The neutrino masses are generated through 1-loop diagrams. By assuming an order one
anarchical complex 5D Yukawa couplings, all the effective 4D Yukawa couplings are determined by
the wave function overlap between the split fermions and the scalars in the fifth dimension. The
predictability of the Yukawa couplings is in contrast to the original Zee model in 4D where the
Yukawa couplings are unknown free parameters. This setup exhibits a geometrical alternative to the
lepton flavor symmetry. By giving four explicit sets of the split fermion locations, we demonstrate that
it is possible to simultaneously fit the lepton masses and neutrino oscillation data by just a handful free
parameters without much fine-tuning. Moreover, we are able to make definite predictions for the
mixing angle ¢, the absolute neutrino masses, and the lepton flavor violation processes for each

configuration.

References:

[1TA. Zee, “A theory of lepton number violation and neutrino Majorana masses”, Phys. Lett.B 93, 389
(1980): 95, 461(E) (1980).
[2IN. Arkani-Hamed and M. Schmaltz, “Hierarchies without symmetries from extra dimensions”,

Phys. Rev. D 61, 033005 (2000)
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A model for Neutrino Masses and Dark Matter with
the Discrete Gauge Symmetry

We-Fu Chang* and Chi-Fong Wong
Department of Physics, National TsingHua University, Hsinchu, Taiwan (R.O.C.)
*wfchang@phys.nthu.edu.tw

A standard model extension with an extra U(1) gauge symmetry and extra degree of freedoms is
suggested. The U(1) gauge group is assumed to be spontaneously broken by a EW singlet scalar at
energy scale around TeV, thus active neutrino can generate sub-eV masses via a loop correction. The
broken U(1) leaves a residual Z2 discrete symmetry and protects the lightest new degree of freedoms
from decaying, thus the model offers candidates of Cold Dark Matter (CDM). All the new degree of
freedoms is expected as heavy as TeV hence the model is testable through Particle Collider (ie. LHC).

Reference:

(Further shown in [arXiv:hep-ph/1104.3934]):

1. L. M. Krauss and F. Wilczek, Phys. Rev. Lett. 62, 1221 (1989)

2. W. F. Chang, J. N. Ng and J. M. S. Wu, Phys. Rev. D 74, 095005 (2006) [Erratum-ibid. D 79,
039902 (2009)] [arXiv:hep-ph/0608068]

3.J. Kubo, E. Ma and D. Suematsu, Phys. Lett. B 642, 18 (2006) [arXiv:hep-ph/0604114]

4. C. P. Burgess, M. Pospelov and T. terveldhuis, Nucl. Phys. B 619, 709 (2001)
[arXiv:hep-ph/0011335]

5.W.L. Guo and Y. L. Wu, arXiv:1103.5606[hep-ph]
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Towards the Absolute Calibration of the Molecular Iodine
Reference Line for Muonium 1S-2S Spectroscopy

Isaac Fanl(a), Yu-Yuan Leel, Hsuan-Chen Chenl, Shih-En Chenl, Li-Bang Wangl,
Jow-Tsong Shy"?, and Yi-Wei Liu'
'Department of Physics, National Tsing Hua University, Hsinchu City, Taiwan (R.0.C.)

?Institute of Photonics Technologies, National Tsing Hua University, Hsinchu City, Taiwan (R.0.C.)
(a) ifan@phys.nthu.edu.tw

A muonium atom is a bound state formed by a positively charged muon (1") and an electron (e.g.
see Chap. 1 in Ref. [1] for an overview), which provides a structureless two-body leptonic system
where quantum electrodynamics can be calculated precisely. The 1S-2S transition of a muonium
atom has been probed with Doppler-free two-photon spectroscopy yielding a muon-electron charge
ratio of -1-1.1(2.1)x10” [2]. The resolution of this experiment was limited by (a) the flux of muon
beams, (b) the discontinuous (pulsed) light source, and (c) the precision of the reference line. The
recent improvement in the vacuum muonium yield utilizing porous silicon technology demonstrates a
promising route to increase the muonium-photon interaction time and hence alleviating limitations (a)
and (b) [3]. In this poster, our progress at NTHU to establish a new reference standard for the

muonium 1S-28 spectroscopy is presented. Our goal is to resolve the limitation (c) mentioned above.

References:

[1] 1. Fan, “Muonium Dynamics in Si and Ge Probed by Optical-uSR”, Ph.D. Thesis, University of
Alberta, 2009.

[2] V. Meyer et al. “Measurement of the 1S-2S Energy Interval in Muonium”, Phys. Rev. Lett. 84,
1136 (2000).

[3] A. Antognini et al. “Muonium Emission into Vacuum from Mesoporous Thin Films at Cryogenic
Temperatures”, Phys. Rev. Lett. 108, 143401 (2012).
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Photonic Synthesis of MMW Generation at W-Band with
Reconfigurable Chirp Control

Chun-Liang Lul’a,Jim-Wein Linz, Hsiu-Po Chuangl,Jin-Wei Shi3,
Chen-Bin Huangl, Ci-Ling Pan'?"
!Institute of Photonics Technologies, National Tsing Hua University, Hsinchu,30013 , Taiwan
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We propose and demonstrate a photonic approach to realizing chirped millimeter-wave (MMW)
generation with large frequency tunability. This technique is based on spectral pulse shaping combined
with linear frequency-to-time mapping (FTM) [1]. Particularly, the proposed terahertz time-domain
spectroscopy (THz-TDS) method allows one to measure the high-frequency MMW waveforms in free
space. By properly designing the spectral filtering function, a large time-bandwidth product (TBWP)
MMW arbitrary waveform with the desired frequency chirping rate can be generated. This scheme can

find wide applications such as modern radar, ultrafast wired and wireless communications.
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High-energy Yb:doped dispersion-mapped fiber oscillator in
controllable noise-like operation regime
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Chi-Luen Wang® and Ci-Ling Pan"?
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We report on the generation of tunable high-energy noise-like pulses with super-broadband
spectrum from a Yb-doped dispersion-mapped fiber ring laser. The maximum 3-dB spectral bandwidth
of the noise-like pulses is about 48.2 nm with the output energy is as high as 45 nJ, limited by optical
damage of the components. The use of negative dispersion delay line and the spectral filter are found
to be important for such high-power noise-like operation. The central wavelength of the noise-like
pulses can be tuned easily over ~ 12nm. The bandwidth and duration of the generated wave packets

can also be controlled. Experimental results are in good agreement with theoretically simulated results.
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