 
What are you working on currently?


I always like to have two main lines of research going, so that when one gets stuck or fails I’m still in business.   One of my current lines is quite different from anything I’ve done before - much more down to earth.  I’ve been developing tricks and devices (software and hardware) for expansion of color perception.   The other is more typical: I’ve been thinking about new strategies for delicate observations in the quantum world.  More than thirty years ago I predicted the existence of new emergent particles called anyons, and they surely exist, but so far experimental technique hasn’t been up to detecting them.   




 
Can we unpick the idea of design- in what way do you see the universe as ‘designed’.


I don’t necessarily see the universe as “designed” - in fact I think that is a rather farfetched idea - but I do see it as conforming to some coherent design principles.  Specifically: The use of interchangeable parts was a central innovation of the Industrial Revolution, but Nature has been using it all along.   The smallest parts obey profoundly simple rules yet empower the elaborate constructions of chemistry, engineering, and (presumably) biology.   




 
Scientists throughout history have experienced or searched for beauty in science, but you came to the idea of finding and experiencing  beauty, explicitly,  quite late. Almost a moment, or moments, of epiphany?  What happened?


I simply hadn’t been thinking in those terms.  When Darwin College invited me to speak on the subject of “Quantum Beauty”, I almost turned it down out of hand.  It seemed outlandish.  But the prospect of visiting Cambridge was so attractive, that I tried to do something with it.   The more I thought about it, the more I realized that it was a compelling way to describe important aspects of humanity’s search for fundamental understanding, its recent triumphs, and my own career.  





 
Why do you think some scientists (and non-scientists ) are uncomfortable with notions of beauty and art in science especially advanced  physics?
[bookmark: _GoBack]Somehow too soft for hard science, too woolly for the pure rationalists?



Ignorance and lack of imagination.   One can gather evidence, through the record of art, about what people have found beautiful, so it’s not entirely subjective and outside the realm of empirical observation.    And one can investigate, in this way, whether some of the themes that people have found beautiful are aligned with the themes that emerge from our fundamental description of the world.   I think I’ve shown, in “A Beautiful Question”, that there are profound commonalities.    Of course not all forms of beauty are represented in the fundamental laws, nor are all aspects of the fundamental laws beautiful.   But the overlap is remarkable.

(See also the next response.)




 
How do you personally respond to equations and complex ideas you find beautiful?



An important part of my job is to improve our fundamental description of the world.   These days, at the frontiers of physics, experiments are difficult and the Core Theory (or standard model) is astoundingly successful.   We don’t have much in the way of *facts* that point in new directions.   So to make progress we need to perceive conceptual imperfections, which I would say is an exercise in esthetics.   Several of my best successes (QCD) and most promising innovations (unification through supersymmetry, axions) have come through attempts to make our description of the world more symmetric and coherent - and I’m comfortable saying, more beautiful.   

Another important part is to make the most of our discoveries, for "technology transfer” in the broad sense - adapting them to other fields and applications.  This involves distilling their essence, which again is a kind of esthetic enterprise.   Again, several of my best works (anyons, color-flavor locking, the Wilczek vertex for Higgs particle production) came out of this.  

So for me looking for beauty in the ideas is not an exercise in passive appreciation, nor mystic contemplation, but an active working method.    If something looks too complicated or unnatural, I try to think of better ways to understand it, or to change it.




 
In the micro world you’re exploring, is it as much about finding ways to describe what you discover as it is actually discovering it?
What does this actually mean in practice- how do you go about making an equation beautiful, describing it- or how do you apply aesthetics to such a complex and often theoretical world?

(See preceding response.) 



 
What are some of the latest developments in your work? Digging into protons and neutrons, gluons, axions (and what are axions? )


Besides the research I’m actively pursuing, I’m waiting and watching while experimenters catch up with my earlier speculations.   I’m hoping that axions — new particles introduced to solve an esthetic problem (involving time-reversal symmetry) in the Core — are most or all of the elusive dark matter that astronomers are after.  Axions have the right properties, but they’re difficult to detect.  Only now is experimental technique getting adequate to the job.   I’m also hoping that evidence for supersymmetry emerges at the LHC.   




 
What next and where will it lead us?  Are we on the verge, perhaps, of some huge, revelatory discovery or is it more a matter of piecing things together- describing them?


I hope anyons, axions, and supersymmetry all get validated (and that anyons help us to make quantum computers, and that axions form the dark matter).    Observing any one of them would be a *major* step forward, and all three would be a trifecta.    I don’t think it’s terribly far-fetched, either.

Longer answers to this question are here:  http://to.pbs.org/1Kr17ls , http://bit.ly/1FZhp10
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