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Revolutionary Science as a Strategic Consideration
Introduction

The HEPAP sub-panel charge from the NSF and DOE identifies the most critical environmental challenge to research, describing the situation as one where “overall resources are more tightly constrained than ever”, a kind of challenge solved by application of leadership skill.  Published guidelines for previous input requested “the most important areas in accelerator R&D” - the selection of which is a management function, and the actual research problems are solved by the application of scientific expertise.  Selection of tools for investigation of research problems relies on technical competence.  Therefore, robust recommendations include components for leadership, management, science and technology – with the most scientifically productive decisions on top-level strategic goals oriented toward the creation of revolutionary new ideas, based on criteria independent from day-to-day operational concerns, funding constraints, etc.  

Recognition within the physics community generally, and FNAL in particular of the need for a new “Copernican Revolution” is a key finding of The Quantum Universe Committee Report, quoted by the P5 Committee in their Roadmap, which is, in turn given in the Steering Group Charge as a foundation upon which they may build recommendations.  What may be less well known is the increasing value accorded revolutionary changes in scientific thought across diverse fields.  The increasing priority placed on revolutionary changes of paradigm is demonstrated by the National Science Foundation’s Transformative Research Initiative, and other efforts.  Taking the creation of a new Copernican Revolution as a primary strategic goal for FNAL and its ability to participate most valuably in HEP of the future, we will address issues relating to the questions raised in the Quantum Universe report of 2004, and quoted in the P5 Roadmap of October 2006 based on approaches and factors that have historically distinguished revolutionary research of the desired type.
While detector construction remains the focus of most input, we would like to present a case for considering long-term, scientific considerations which are most useful for selecting which tools of research are appropriate, and how they can best advance human knowledge.

Revolutionary Science

A foundational study of revolutionary science, and even the coining of “paradigm” rests with Thomas S. Kuhn, in “The Structure of Scientific Revolutions” (1964).  This body of knowledge was expanded by James Burke, popular science historian, and the most recent work in this field is “The Cognitive Structure of Scientific Revolutions” (2006), by Hanne Andersen, et al., in which the content of scientific knowledge is differentiated from the structure within which that knowledge is organized and made intelligible to the researcher.  Lisa Randall’s “Warped Passages: Unraveling the Mysteries of the Universe’s Hidden Dimensions” demonstrates the physicist’s understanding of this specialized concept within cognitive science by contrasting differences between “theory” and “model” in Chapter 4 of that book.
Revolutionary Theory Characteristics

Revolutions are triggered by anomalies of varying degrees, ranging from violent crisis on one end of the spectrum, to a casual glance and the observation: “Hm, that’s funny…”  What is consistent is that the revolutionary ideas address anomalies of observers.  Crisis occurs, as it did in the Aristotelian cosmology, when theoretical complexity grows markedly, but not quickly enough to gain on the discovery of new anomalies – similar to the current state of standard model cosmology. 

Revolutionary theories are distinguished by their structural differences from prevailing paradigms.  These changes require “reclassification of existing entities in ways that were formerly impossible” according to Andersen.  
Previously existing constraints are rejected, such as the cosmological requirement that “all heavenly motion is circular”.  New possibilities and predictions follow, as the assumptions upon which these constraints are based challenged.

Some previously held assumptions are identified and rejected.  Often such assumptions will be well accepted common-sense, completely natural, and likely to show observational bias and/or historical tradition
Revolutionary theories and developments usually do not originate from the center a field’s specialists but rather, they derive from fields with apparently tenuous relevance.  The revolution results from recognition of new relationships between specialties, such as the Copernican model developing from efforts at calendar reform, or the theory of natural selection developing from the geology of Charles Lyell, who had been trained as a botanist, by Darwin, who studied medicine and theology.  A stunning example is “nuclear fission”, a process suggested by chemist Ida Noddack nearly 5 years earlier than its official 1939 discovery by physicists. 
The most profoundly revolutionary ideas often remove the researcher from a special position relative to observed phenomena under investigation.  Thus, as heliocentrism moved the earth observer to a unified, orbital solar system, evolution moved the human observer to a branch of a unified biological tree.
Difficulty Recognizing Revolutionary Ideas

Although revolutionary ideas demonstrate explanatory power and conform to the general rules for scientific hypotheses, their initial lack of mechanisms that can match those of prevailing theories, combined with scientists’ investment of effort, time, and emotion in the old view makes it “quite simply impossible for those using a particular cognitive structure to understand suggestions that violate the structure in ways we have described.” (Cognitive Structure, p. 179)
A related factor is the tendency for revolutionary ideas to appear as irrelevant noise – of which there is always a great deal.   
Revolutionary scientific theories affect specialist researchers, and in early stages, they propose “a dramatic revision of the existing conceptual structure, without appropriate motivation for making such a revision.”

Progressive Elaboration of Scope
While planning something we want to achieve, the further in the future a deliverable is, the more difficult it will be to identify its specific details, i.e. the “scope” of our desired result.  While we cannot currently identify what future mechanisms and formulas will account for current anomalies, we can identify some of the structural components of the next major cosmological paradigm we want, and align resource allocation to principles that will facilitate the birth of this revolutionary conceptual change. 
 Using the principles and characteristics outlined above, we will address the “Mission Statement” questions from the P5 committee roadmap:
1) Are there undiscovered principles of nature: new symmetries, new physical laws? 
Question 1 is certainly answered “yes” as no one considers physical science to be at an end, but “Within what conceptual framework is the next revolutionary new theory to be developed?” affects the remaining questions: 

2) How can we solve the mystery of dark energy? 3) Are there extra dimensions of space? 4) Do all the forces become one? 5) Why are there so many kinds of particles? 6) What is dark matter? How can we make it in the laboratory? 7) What are neutrinos telling us? 8) How did the universe come to be? 9) What happened to the antimatter?
A Dubious Current Assumption
As with researchers in the past, we rely on the assumption that observed phenomena exist as fundamental components of reality.  This assumption underlies both the standard model and currently  popular alternates such as string theory.  

The conservative approach toward resource investment and risk management is to document the assumptions for review when a problem is indicated.  Currently, many anomalies point to a theoretical problem.  Historically, these indications ultimately resulted in rejection of a prior assumption, typically one including an observer-centric bias embedded within the old paradigm.  The current assumptions of this type apply to our views of what space-time, mass, and force actually are.  

Conservative Skepticism
What we actually know about space, distance, and the passage of time is similar to what we knew about the sun moving through the sky: they are perceptions – and are not to be taken as “real”, unless resting on firmly, clearly documented definitions which explain why the observer has those perceptions.
Expected Paradigm Shift
What kind of paradigm change would remove the apparent observer-centric bias, address the identified anomalies, overthrow assumptions, etc. with the current models?  In the case of space-time, such a new conceptual frame would view space-time as the observational result of more fundamental processes within domains which do not involve distance and other observations (e.g.: charge or mass), as conceived in current models.  This new paradigm would not assume human senses have any special access to foundational domains or processes, rather, human sense perceptions probably have access to observations with an unknown degree of removal from some unifying domain, geometry, or process.  
Immediate Results 
The “dimensional neutrality” paradigm for cosmology should, in addition to producing new theories, lead to a recognition that even if a full history from beginning to end of our universe is a sensible concept, it is far from a supreme definition of reality; rather, it would be better understood as one leaf on a great tree, moving the researchers’ space-time from a special position dimensionally, to a corner of a greater, unified system of domain interactions which give rise to a variety of dimensional perceptions, of which space-time, force and mass appear locally to us, but that appearance is a generated effect by more fundamental interactions. 

Subsequent Paradigm Shifts

Alas, the understanding of these more fundamental domains will ultimately prove to have assumptions built into their construction that prove equally false to those that preceded, and will be at least as difficult to identify and overcome, and awareness of flaws in understanding those domains will begin with, “Hm, that’s funny…”
It might seem depressing to constantly be constructing theories, only to have the ladder fall out from under our cognitive feet, but the intellectual scaffolding of one theory after another serves us temporarily as we build a great cathedral of knowledge.

A Facilitating Goal

The capability for faster than light (FTL) transit would require development of practical, testable theories and models that define distance and space as observed phenomena in the same way we now regard the daily flight of the sun, or weight of an object: as sense perceptions resulting from more basic factors.  

Treating distance as an observed effect and assuming distance can therefore be circumvented may not ultimately deliver FTL technology, but it will enable prudent, comparative analysis of previously unexamined assumptions in dimensional models.
Benefits of FTL Goal Research

1.  Best Practices: Such a project conforms to identified requirements for maximizing returns in both the scientific knowledge and practical returns obtained from the resources invested in acquiring them. 

2.  Physics: Development of new theories and concepts, creation of unifying principles, resolving competition between models, leveraging and coordinating research, opening new opportunities, and improving effectiveness within expanded frameworks for research.

3.  Education: The pursuit of a visionary goal of FTL capability could inspire students, educators, and the general public to focus on and support science and exploration in a manner not seen since Neil Armstrong walked on the moon.

4.  Political: The public support for this effort will increase with each earth-like planet discovered.  When the resolution of telescopes is sufficient to locate distant worlds with liquid water and similar atmosphere’s, we will all look up and wonder what or who might be there – but the reality is that even at the speed of light, visiting those worlds would take many years for even our closest neighbor star.  The location of an extra-solar, habitable-zone (liquid water) planet was announced last month.

5. Financial: With competent advocacy, marketing and lobbying, funding for broad regions of physics facilities and research would increase dramatically, and resistance to large, long-term investments would be reduced.
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