I have an obsession…not with the usual things…not with a car, or money, or even a woman (sorry Kimberley).  No, it’s with a sub-atomic particle…the muon.

Here you can see where it sits in our current palette of Standard Model particles.  You can see that must be similar to an electron, same charge, but heavier…a point particle occupying zero volume as far as we can tell.  However, what you might not pick up from this picture is muons are a little like the Elvis of the particle world.

First of all, they’re rebels...
[bookmark: _GoBack]The discovery of the muon in 1935 high on a mountain peak in Colorado changed everything.  For the first time in history, the known pieces of the world could no longer be fit into convenient little boxes of protons, neutrons, and electrons…this was something completely different.

[Why Pike’s Peak Colorado?  Anderson and Neddermeyer took a cloud chamber, a type of particle detector, to the top of the mountain to get closer to the source of cosmic rays raining down from above.  They took these revolutionary pictures.  Can you see the muon?  Hint, it leaves a heavier track.  How about this one?  The curvature of these tracks is how they knew that whatever was leaving these contrails had to be nothing we had ever seen before.]

Secondly, they live fast and unfortunately die young…
Once you make a muon, you only get 2 millionths of a second to look at it before it vanishes into thin air and in its place an ordinary electron and two ghost-like neutrinos appear.

Third, and most importantly, they gyrate…
OK, so maybe not quite like that, but like this.  Just kidding…really more like this.  Put muons in a magnetic field and they will revolve just like the gyroscopes many of you might have played with as kids.  Because they are unstable, put a group of muons together on the dance floor, synchronize their steps, and you can stand back and watch the steady beacon of electrons emerging from the party…much like the beacon on the lighthouse you see here.


So, why the obsession?

I believe we can reveal the secrets of the universe simply by watching muons dance to the music of a magnetic field.

That may sound crazy, but the universe is crazy.  Don’t believe me?  Take this beautiful picture of the universe taken with a camera constructed here at Fermilab and mounted on a telescope atop a mountain in Chile.  You can see a multitude of galaxies much like our own.  Zooming in you see a spiral galaxy in this frame.  But what about the empty spaces?  Zoom in on the coldest, darkest corner of deep space.  Is it empty?  Perhaps surprisingly, if you zoom into the sub-atomic level and you will find a seething cauldron of particles boiling up out of the vacuum and disappearing as quickly as they came.

These ephemeral particles emerging from the vacuum are like momentary dance partners that can speed up or slow down the gyrations of the muon.  Simply by measuring the frequency of the spinning muons one can see the imprint of the sub-atomic world.

So, experimentalists have been working for 50 years to measure the gyrations ever more precisely, while theorists have at the same time been calculating the influence of the dance partners.  We call this number g…the gyromagnetic ratio…”gyro” for the frequency of the gyrations in a magnetic field.  What is in a number?


Here you can see the number that the experimentalists measured, and reflected below is the result of the theoretical calculations.  Even the very first digit…”2”…holds an enormous amount of information.  You see, this is what Dirac’s famous equation predicted as far back as 1928.  Dirac’s equation was the first time that the new theories of special relativity and quantum mechanics were merged into one consistent description of particles like the electron and the muon.  Perhaps even more amazing, although even Dirac didn’t realize the implications at the time, this equation yields two solutions.  One solution describes matter, and the other predicts that for every type of particle describe be the equation, there is also an anti-particle.  Anti-protons, anti-electrons, anti-muons, Einstein’s special relativity, and the theory of quantum mechanics….and we have only described the first digit.


Pushing the theory for two more decimal places…we see no change in the dance..no change in the frequency that the muons revolve.  This could have been the end of physics.  A dessert where physics became known and there was nothing new to be discovered.


However, push the measurement just one more digit and a whole new world appears.  Now we can see the first evidence of the dance partners emerging from the vacuum.  The muon is not alone, electrons and photons from the vacuum join the dance.  This is the theory that we call Quantum Electrodynamics.   And this is a Feynman diagram, name after one of the founding fathers of QED, that we use to visualize the dance.  This is the fundamental theory behind the electricity and magnetism that we put to work for us every day.


But we are not done yet, push the experiment to higher and higher precision, we know see the impact of quarks emerging from the vacuum.  The same particles and forces that are responsible for binding nuclear matter together now emerge from the vacuum to make their presence known.  This is the theory we call Quantum Chromodynamics, it is also the theory that keeps nuclei from instantly blowing apart. 


And once again, we are still not done.  Pushing to the next digit and suddenly more dance partners appears.  This time a very strange set of partners called the W and Z bosons emerge to grab the hand of the muon.  These are the particles responsible for making certain nuclei and the muons themselves unstable.  We call this the weak force and the Electroweak theory that emerged from the mathematical convergence of the weak force with electricity and magnetism.  This elegant confluence is the reason that the Higgs particle.

Beyond these digits the picture becomes hazy, the precision of the experiment and the ability to calculate the theory cloud the picture.  But you might have noticed something potentially very exciting already happened.  The theory and the experiment diverge and nobody on the planet knows why.  Here you can see a plot of these numbers and how far away the experiment and the theory are relative to their uncertainties.

The question is what new physics might be lurking in here?
Theories like supersymmetry that, like anti-matter, predict another whole tableau of particles that keep the mass of the Higgs particle from diverging.  It could be the dark matter that we see around us in the universe jumping up to join the dance.  It could be that muons aren’t as fundamental as we think…perhaps like the proton the muon has parts.

Just to recap the physics of the muons dancing with the magnetic field…special relativity, quantum mechanics, electricity and magnetism, strong force, weak force, electroweak theory…maybe even supersymmetry, dark matter, or something equally fantastic.
Of course because we are scientists, we have to admit there are also much more mundane explanations, maybe the experimentalists or the theorists have made a mistake, or improvements will naturally bring these points together.  To test that this difference is real, it require pushing the precision to yet another decimal place.

 
For that purpose, theorists around the world are actively applying supercomputers in an effort to verify their predictions.  In the meantime, experimentalists are building a new experiment.

Out of curiosity, how many of you saw the news story this summer about the giant electromagnetic that was traveling around the United States?
 
Here are some of the pictures.  It is 50 ft diameter, delicate device that could not flex by even an 1/8” without potentially doing millions of dollars in damage.

To move it to Fermilab required shutting down not one, but two Chicago interstates…

And that required spreading the obsession!

And now, after this story you know what it really is…it’s the new dance floor for us to continue watching muons dance to the magnetic field.

Thanks you!
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