The targeted areas open for internship at the California Institute of Technology (Caltech) in 2008 – 2009 are listed alphabetically and briefly described below:  
[1] Biophysics & Nano-biotechnology – Microelectronics and nanoscience are ushering in a new generation of tools for modern biological research. These new approaches are beginning to provide unprecedented resolution of processes that open up new perspectives for understanding biological complexity.  At the heart of these exciting recent advances are technologies that enable research at the level of single molecules and individual cells, but with sufficiently high throughput to survey complex interactions that occur only in higher hierarchies in biological organisms and populations. This research is highly interdisciplinary in nature and is closely linked to Caltech’s nanoscience and nanotechnology efforts. Active areas of research at Caltech in nano-biotechnology include: systems biology, systems neuroscience, single-molecule biophysics, and nano-biotechnology for research and clinical applications. For example, the Caltech Micromachining Laboratory led by Professor Tai exercises various MEMS and micro/nano technologies to physically fabricate integrated devices, and the research emphases include high-level system integration and hands-on fabrication of biochips, microfluidic chips, neural implants and biomedical devices. Similarly, the research lab led by Professor Roukes develops advanced nano-devices systematically for biomedical and life science applications.   
Faculty Contacts: Professor Yu-Chong Tai (tai@mems.caltech.edu); 

 Professor Michael L. Roukes (roukes@caltech.edu). 
Related websites: http://mems.caltech.edu/; and http://www.its.caltech.edu/~nano/.
[2] Condensed Matter Physics – Modern condensed matter physics has evolved significantly from the scope of traditional solid state physics and become a research field that is highly interdisciplinary in nature. Current research activities in condensed matter physics at Caltech focus on various fronts that are of both fundamental scientific significances and potential technological applications. The research areas include: fundamental physics and applications of superconductivity and magnetism; scanning probe microscopy and spectroscopy for atomically resolved local characterizations of novel materials and nanostructures; studies of graphene and graphene-based nano-devices; development and characterizations of spintronic and optoelectronic systems; investigation of the fractional quantum Hall states; and metrology based on nano-mechanical instruments. 
Faculty contact: Professor Nai-Chang Yeh (ncyeh@caltech.edu). 
Related websites: http://www.its.caltech.edu/~yehgroup/; and 
 http://www.its.caltech.edu/~je/index.html.   
[3] Mathematics – The Mathematics option focuses on a number of cutting edge research areas in pure mathematics. In Algebra, we have groups in number theory (especially modular forms), algebraic surfaces and varieties and in the representation theory of finite groups. In Topology and Geometry, interests include the topological side of dynamical systems, mapping class groups, foliations and Heegaard-Floer homology. Our analysts study spectral theory (especially of orthogonal polynomials), random matrices, stochastic geometry and properties of SLE. We are a center in two emerging areas – noncommutative geometry and elliptic polynomials. We also have research groups in graph theory and in the connections between mathematical logic and ergodic theory.

Faculty contact: Professor Berry Simon (bsimon@caltech.edu).
Related websites: http://math.caltech.edu/people/profs.html.
[4] Nanoscience & Nanotechnology – Through advanced lithography and growth techniques, it is now possible to define structures with dimensions of a few nanometers. Within these small geometries with large surface to volume ratios, it is possible to control the behavior of electrons, photons, plasmons, or phonons. By confining the shape and size, very large optical, electrical and strain fields can be obtained. Bulk materials properties, such as the semiconductor band structure or the yield strength are altered by the geometry, and quantum mechanics strongly influences the behavior of these nanostructures. At Caltech, we design, fabricate and characterize nanostructures and develop integrated nano-devices that provide electronic, optical, magnetic and mechanical functionalities. We explore nanotechnology applications for biomedical sensors, data communications systems, magnetic storage and manipulation, quantum mechanical switches and ultra-small electronics. We also integrate our nanodevices within micro-systems such as microfluidic and integrated optoelectronic chips. 
Faculty contact: Professor Axel Scherer (etcher@caltech.edu). 

Related websites: http://nanofab.caltech.edu/ and http://kni.caltech.edu/. 
[5] Space Studies – Space related research at Caltech encompasses a wide range of topics, from theoretical modeling and observational verifications of cosmology to planetary explorations and Earth sciences. The Keck Institute for Space Studies (KISS) at Caltech is a “think and do tank” with a primary purpose of bringing together a broad spectrum of scientists and engineers for sustained technical interaction aimed at developing new space mission concepts and technology. Study areas for the academic year 2008/2009 include: robotic exploration of Mars in-situ analysis, large space structures, coherent detector instrumentation for high frequency observations, exploration of high-risk planetary terrains, future instrumentation for sub-millimeter and far-infrared observations, new directions in dark matter studies, and space observations of climate feedback mechanisms. Several of these areas will receive seed funding for further technical work during 2010-2012. Possible new studies areas for the academic year 2009/2010 include: single-photon counting sensors, innovative approaches to exoplanet detection and study, instrumentation for extreme planetary environments, monitoring of earth surface changes from space, and remote sensing of human activity affecting climate change. 
Faculty contact: Professor Thomas Prince (also Director of the Keck Institute for Space 
  Studies; prince@srl.caltech.edu). 
Related website: http://www.kiss.caltech.edu.

[6] Tectonics – The Tectonics Observatory (TO) at Caltech carries on fundamental research on tectonic processes. The research projects are focused on specific processes such as earthquake nucleation, the propagation of seismic ruptures, interseismic deformation, orogenic processes, long-term geological deformation. TO projects involve a wide range of techniques based on geological field investigations, modern analytical tools in geochemistry, space-based geodesy and spatial imagery, and modeling. A number of regional targets have been identified including Taiwan. Taiwan indeed stands out as an exceptional natural laboratory where most of the processes of interest to the TO can be addressed.
Faculty contact: Professor Jean-Philippe Avouac (avouac@gps.caltech.edu).

Related website: http://www.tectonics.caltech.edu
[7] Theoretical Physics – Our theoretical physics research areas range from superstring theory and related mathematical physics to particle physics phenomenology and cosmology. In string theory, our research interests include but are not limited to the construction of the ultimate unified theory of all forces and matters including gravity, the landscape of string vacua, stringy models of cosmology, the AdS/CFT correspondence and its applications to strongly correlated systems, topological string and its applications to quantum black holes, and mechanisms of supersymmetry breaking. In mathematical physics, we aim at better understanding of quantum field theory and developing new mathematical tools. In particle physics phenomenology, current areas of research include heavy quark physics, construction of models beyond the standard model of particle physics, models with large extra dimensions, cosmological models with and without inflation, dark matter and dark energy. 

Faculty contact: Professor Hirosi Ooguri (ooguri@theory.caltech.edu). 

Related websites: http://www.theory.caltech.edu/.
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