The Correlated Matter Alliance:  An ICAM Research Network.

The research frontier of condensed matter physics is the study of the properties of materials whose essential characteristic behavior is collective, a consequence of the strong interactions between elementary constituents. During the latter half of the previous century, it became clear that conventional approaches are totally inadequate to describe a wide variety of condensed matter systems where unexpectedly new classes of behavior emerge in response to the strong and competing interactions amongst their constituent particles. Such CORRELATED MATTER includes materials whose properties are determined by the quantum nature of the interactions but also many classical and “soft” condensed matter systems of great current interest, as well as materials of biological importance.  

Just as traditional theoretical methods fail for correlated materials, so too the usual experimental arrangement of single investigators is no longer adequate. In the study of correlated matter, it is required to bring to bear the full battery of experimental probes that are available.  Significant efforts need to be made to explore the vastness of materials phase space to search for new classes of materials that are often discovered by a process of enlightened serendipity. When new materials are discovered, it then becomes absolutely necessary to compare and analyze the results of many different experiments, preferably on the same sample. The entire range of state-of-the-art experimental and theoretical techniques must be exploited. Thus, in addition to collaborations between theorists and experimentalists, close interactions, including exchange of junior personnel, among experimentalists of different specialties, necessarily from different institutions, is required. These interactions need to embrace not only condensed matter physics, but chemistry, materials science and materials of biological interest as well.  

In past decades, the major Industrial Research Laboratories such as Bell, IBM, Exxon, Ford, General Electric, Philips, RCA, Xerox, formed an extended network with one another and with Government Labs and Academic institutions.  These industrial labs provided prestige to the field, fostering new lines of collaboration, stimulating young people into the field and advertised condensed matter physics to the world at large. With the loss of these laboratories as significant research institutions, we need to find new ways of publicizing significant advances and stimulating and facilitating links within the correlated matter community.   

To respond to this new situation, the Institute for Complex Adaptive Matter (ICAM) proposes the establishment of a formal research network, the Correlated Matter Alliance (CMA),  involving theorists and experimentalists from different institutions with varying expertise. Its purpose is to catalyze new collaborations and seed new connections and new directions of research within the correlated matter community, particularly through the support of graduate students and postdoctoral fellows who would spend time working in research groups at more than one member institution. 

Active research areas in this alliance will span a broad range of interests in correlated matter, linked by the common interest in the study of new forms of collective behavior in 

Correlated electron matter: novel forms of order and emergent behavior.  

Low dimensional electronic structures and gated electron materials.

Mesoscopics and nanophysics.  The correlated electron physics of engineered nanostructures, including quantum wires and quantum dots.

Quantum fluids (including  Bose Einstein and Fermi liquids within atom traps).

Soft and self-assembled matter

ICAM (http://cnls.lanl.gov/ICAM) is a Multicampus Research Program of the University of California, with Los Alamos as its lead campus, and branches at Boston College, Boston University, UC Davis, UC Irvine, UC Riverside, UCSD, Chicago, UIUC, FSU, Iowa.State, Princeton, Rutgers,, a consortium of institutions in the Paris area  (Orsay, E.N.S., Saclay) and a consortium of Max Planck Institutes centered at Dresden   ICAM will operate the CMA as semi-autonomous distributed research network. It will appoint and oversee the work of the CMA Steering Committee that will, in turn, be responsible for CMA activities.. Thus the CMA Steering Committee will communicate with the condensed matter community about the CMA, update the CMA prospectus, and use that to seek funding for a “proof of concept” program involving CMA graduate students, CMA postdocs, and a significant educational outreach program. In so doing it will have the active assistance of ICAM and the University of California Office of the President. Once funding is obtained, it will oversee the program, reporting on a regular basis to ICAM and the condensed matter community. Institutional participation in the CMA will be through membership in the UC/ ICAM Multicampus Research Program. A majority of CMA Steering Committee members will be from ICAM member institutions, while, as it does for its other research networks, ICAM will provide general oversight of the governance and scientific program of the CMA.

As part of a pro-active effort to achieve the above goals, the CMA will work with ICAM to seek funding for the alliance, initially in the form of non-governmental funding. Its efforts at public outreach will work symbiotically with fund-raising efforts. There is a tremendous feeling of excitement pervading the field of correlated matter. A public that is aware of this and appreciates that through meeting the continuing intellectual challenges of the field, qualitatively new forms of discovery will take place - this public will be far more responsive to our needs and far more inclined towards philanthropy. 

As funding becomes available,  proposed key activities of the CMA will include:
· Enhancing the graduate student and post-doctoral experience.                                                                            Expanding significantly existing programs of shared graduate students and postdocs.

· A summer workshop for CMA postdocs, graduate students, and junior faculty that would include graduate students and postdocs who work in Biological Physics 

· Developing new inter-institutional research collaborations

· Catalyzing regional alliances

· Community building on a national/international scale

· Communicating the intellectual excitement of correlated matter to scientists in other fields and the public-at-  large 

· Expanding significantly the educational outreach of the correlated matter community 

· A “Correlated Matter Summit” that brings together leading members of the correlated matter community to discuss the frontiers and major scientific challenges in correlated matter.

A more detailed description of some of these activities follows.

Postdoctoral Fellowships.  The size of most grants make it very difficult for many individual investigators to fund competitively  postdoctoral students, and the level of salary is often far below the levels that bright postdocs could expect to earn in the private sector. In order to encourage a new generation of brilliant experimenters and theoreticians to enter or continue in the field of correlated matter, CMA will seek to expand the ICAM Fellow Program, by funding CMA Fellowships that will provide funds to augment an existing postdoctoral fellowship for two years, and provide modest supplemental start-up funds for the first two years of an assistant professorship. During the course of his or her tenure, a CMA fellow will be expected to spend time at another research site of the alliance, write an overview intended for a general  audience  on her/his research that will become part of the CMA web site, and present a public lecture

Graduate Student Supplemental Support. CMA will seek funding for supplemental graduate student stipends that make possible extended visits to research groups at other institutions and participation in CMA workshops, conferences, and symposia.

Outreach. As a field, the correlated matter community is not used to explaining its dreams and goals for the future.  Often, it has chosen to hide behind the simple panacea of technical achievements, rather than espouse the fundamental intellectual challenges of the field. There is now a broad consensus that the time has come to work as a single body, to agree on how we see ourselves as a frontier and what the big intellectual questions are for the future.. Public presentation of these ideas requires the identification of “hooks”. Proposals for these include

*The large issues in correlated matter physics usually arise because of new experiments that give quite unexpected results. The consequence is that the grand challenges change on a rather short time scale. This can be contrasted to the situation in elementary particle physics where the frontier is no longer experiment-driven.

*New and unexpected basic principles emerge at low energy scales.

*Correlated matter physics is both fundamental and useful (what is useful now was basic science a decade or so ago). It is the basic science for technological advances.

*Particle physics has short lengths, astrophysics has large lengths. Correlated matter has large N. Can the idea of large N be developed in such a way as to capture the lay person’s imagination?

*In the “seamless web of science” from the elementary to the complex, correlated matter physics (with chemistry?) is the  interface between the inanimate and the animate.

*Fundamental developments in the understanding of the  properties of materials has had profound effects on the course of human history.

The correlated matter community  needs  help in developing these ideas and there is no better way to do so than to practice outreach to the public at large The CMA will accordingly:

*Make every effort to publicize the frontier nature of the field and the vast potential in correlated matter for the discovery of new materials and new states of matter

*Play an active role in the development of publications that convey the fundamental intellectual challenge and excitement of the field.

*Develop and maintain a website that includes descriptions for the public of forthcoming activities, substantive research accomplishments, and viewgraphs from public lectures on correlated matter topics

*Encourage CMA Faculty and Fellows to develop excellent public lectures
*In tandem with similar efforts within ICAM, look for new ways to specifically encourage participation by K-12 teachers. By transmitting our dreams to high-school teachers and students today we can hope to reap the benefits of better students in the future.  

*Make better contact with the community of science writers

Frontiers and major scientific challenges.  At “Town Hall “ meetings in Aspen, among those identified were

       *the strong-correlation many-body problem

*high-Tc superconductivity

*quantum criticality

*glasses

*liquid structure and turbulence

*non-equilibrium phase transitions

*non-Fermi liquids

*dynamics of complex systems. 

Workshops. The CMA will hold regular workshops to foster new links between research areas and bring cutting-edge developments quickly to its community. Each CMA workshop proposal will be reviewed by the CMA steering committee, with scientific excellence being the primary consideration for acceptance. Workshop organizers are strongly encouraged to depart from conventional conference style and to bring a creative element to the field in a way that will further the charter of the CMA. Each workshop will try, in addition to striving towards scientific excellence and novelty, to 

*Include  a public lecture or an equivalent outreach event addressed  to the       surrounding public community

*Invite science writers with the distinct goal of inspiring newspaper and journal articles

*Organize the meeting with a low density of talks, and a strong emphasis on round table and open discussion

 *Encourage graduate student participation through student stipends and actively    promoting seminars and questions from students.

Institutional membership. Arguments made for an institution with a significant correlated matter presence joining ICAM include:

*A substantially increased likelihood of active participation by its graduate students,  postdocs, and faculty in ICAM and  CMA scientific collaborations and workshops

*Institutional oversight of CMA 

*Developing, within ICAM, regional alliances that could become significant ICAM research nodes and play an active role in ICAM research networks

*Participation by faculty, postdocs, and graduate students in a members-only ICAM Annual Conference on Frontiers of Complex Adaptive Matter
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