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My appointment for the TRAC program in the summer of 2010 was in the lab of Dr. David Ritchie, head of the communication and outreach group in the computing division.  The project that we developed evolved over the course of the summer, but centered on the learning of two computer languages, PERL and Python, and attempts to use them to first make a computer simulation of a predator-prey situation at the lab involving resident coyotes.  We did not complete the simulation, but did develop some parts of the modules needed in terms of the nutritional needs of coyotes and a simulation of the limited resources present in a natural environment.  Later we worked on extending a previously written program that monitors the temperature of the computers in a room of the grid computing center (GCC) to cover a second room.  
Computer Languages
I spent approximately three weeks working on the computer language PERL.  PERL is a computer language that is simple enough that it can be learned by students in middle school as well as adults.  All computer languages have their own syntax and structures so it was instructive to begin to see some of the elements of such a language.  In PERL, for example, all lines of code need to end in a semicolon.  When testing simple statements, this was the most common error that resulted in it not working.  Searching your work for seemingly little mistakes like that gave understanding to the whole idea of “bugs” in software.  Other important aspects of PERL are that it is made up of sentences which have subjects, verbs, direct objects, and the final (semicolon) punctuation mark.  I used a tutorial developed by my mentor, David Ritchie, called “Pearls of Perl which is available at his web site (http://home.fnal.gov/~ritchie/).
Building a program is a process of adding simple sentences that build to paragraphs that have more than one sentence, using containers that can hold one or more items and making them work together.  You can also learn to build programs that have means for the computer to accept input from the user.  More complicated statements provide a series of choices that the computer can make depending on the input it receives from the user and these have a general format of if, then, or else.  If one part is true then a particular action is carried out, while if it is false, then an alternative action is called for.  These give complexity to the sorts of choices that a computer can make.
Other useful bits of code are called loops.  This tells the computer to execute a piece of code multiple times.  One example that was used in building parts of the predator-prey simulation involved having daily “needs” that an animal might have like food, water, or some other resource that might be limited in the environment and could be depleted.  Over the course of a year you could program the computer to assume that a set amount of a particular resource was present in the environment and that every day a certain amount was removed or used by a predator.  To build more reality into the simulation the environment gets more complicated in terms of the variety of elements that are present and whether these resources are finite or replenishable.
Another part of PERL that is particularly useful is called a subroutine.  It is a piece of code that is “callable” on demand and will always do the same thing.  These allow a program to reference the particular action without writing the same code over and over, which introduces a possibility of making a mistake or bug in the program.   
This begins to give you an idea of how a program is built by adding layers of complexity and constructing parts of the program that you can build and test separately and then integrate into a more complex entity.  What it doesn’t do justice to is the need to build an outline, much like you would outline a paper and then start to flesh out the components that make it up.  Programs need to be edited, as do stories and this is also part of the process of writing code.
A more interesting language is PYTHON.  It doesn’t have the same rules as PERL, just as the grammar between languages is different.  In PERL, when you’ve written a small bit of the program and you test it, you either get success or utter failure.  If you fail you now have to search for your mistake, while in PYTHON, the program itself will give you clues as to where your mistake is.  It doesn’t tell you what to do to fix it, but at least you know where to look for the problem.  I also used a tutorial to introduce me to the basics of Python written by David Ritchie called “Python for Middle School Students”.  
Both PERL and Python are freely available on the web and can be used by both experts and students to write stand alone programs or to develop objects that can be used as graphical interfaces on computer screens like “buttons” or even more complicated displays like a functioning calculator.  The ability to import programs that are located in web “libraries” was also explored giving these programs more functionality and allowing a user to build a program incorporating modules of their own construction as well using previously built modules available in these libraries.  PERL may be downloaded at http://www.perl.org/get.html.   Python is available at this address http://www.python.org/.   
A third language I was introduced to is Extensible Markup Language, or XML.  It is a web based application that is used as an interface between another program and the displays that you might want to use on a web page.  This was part of a program used by the computing division to monitor temperatures in the Grid Computing Center (GCC).
The temperature monitoring program is designed to take temperature readings every five minutes and store the information as a 24 hour log of the changes in ambient temperature in the different computer racks that comprise the GCC.  Individual sensors have the changes of temperature displayed as a bar graph for the previous 24 hours.  This can be accessed at http://cdops.fnal.gov/ where the data is displayed.  The most useful feature is an automatic email alert that is sent out when the temperature rises above a set parameter.  This is necessary because the GCC is not staffed around the clock.  The basic program uses both python and XML.  At the time of the writing of this report, we had not yet completed the extension of the program to cover computer room C, but it was clear to see the utility of such a program in a setting where no commercial program exists to cover such an application.  
Many of the people I met in the computer division are actually physicists, much to my surprise.  I would have expected that I would find computer science experts there and physicists in the buildings taking data from experiments.  Rather naively I expected that people would be partitioned into their own specialties, but the reality is that the skills of science bleed across narrow boundaries.  The physicists need to be intimately aware of the programs that process their data and must be involved in the writing of such programs.  Not only do they have to be able to know what the “signature” of an “interesting” collision between protons and antiprotons would look like so they can separate that particular collision out from the literally millions of collisions that take place every second in the collider, but they have to have a program that can automatically separate that particular collision out from the other ones so that rare processes are not lost in the sea of data that is accumulated.  
The programs then need to gather and store the data so that the rare events can be grouped together and then analyzed for statistical significance.  The important point is that the skills of a scientist isn’t necessarily a narrow one, but in fact the wider the skill set the more likely that an individual can not only get a job and be able to understand the complete process whereby the experiment is constructed and then analyzed.  One message that I give to students who have little idea of what sort of career they might pursue or just exactly what sort of things they need to know is to gather skills, language, ability to analyze, writing and communication skills, and now perhaps an understanding of computers beyond knowing how to word use a program, but how to design a program for a specific need.  Computers and computer programs are black boxes for most people who just want them to do what they need at a particular time, much like science is a similarly opaque subject.  Understanding takes the magic out of both and leads to a greater ability to be able to manipulate either to achieve a desired effect.
While I started with no knowledge of computer programming and am leaving with only a rather rudimentary skill in writing simple programs, I have learned some lessons that I can pass on to my students even if I don’t progress beyond what I have learned.  The first lesson is the importance of structure and syntax.  I never truly understood that when something is called a computer “language”, it is truly that with a more or less complex set of rules and grammar that gives it functionality.  Unlike English, however, the rules must be strictly followed to be able to execute the desired set of commands.  While as a teacher I must have clear instructions and explanations to insure understanding, I can sometimes improvise and get a meaning across while not being as totally precise.  Precision in language is however necessary for its’ utility to be fully realized.  In a computer language there is less room for error.  In some cases the order of commands or code may not matter, but it usually needs to follow a logical structure, without which the program may not function at all.
This relates to my physics class which I teach using the modeling method promoted by David Hestenes of Arizona State University, where listening to what the students say when making presentations on problem solving or lab results reveals the level of understanding that the student has.  We not only need to be precise in what we say, we need to listen to what our students say as their understanding is reflected through their words.  The analogy to computer languages is useful to me and may be of interest to students as they are very avid consumers of computer technology.
I am not sure that I have enough understanding of PERL, PYTHON, or XML to be able to guide students in the writing of computer programs of their own, but I can imagine trying to learn more so that would be a possibility.  I have acquired several tutorials that were authored by Dr. Ritchie that introduce both PERL and Python to students and by going through the modules myself, I have a better understanding of the vagaries of writing the code that is contained within.  We have a science fair that is a requirement for my honors physics students and the writing of a simple program might be an option for some interested students.
The TRAC and ACTS Programs
As part of my work I also participated with the other TRAC and ACTS teachers in a weekly seminar where we discussed our individual research as well as listened to lectures given by Fermilab scientists and went on tours of many of the separate facilities that make up the entire lab complex.  These meetings were interesting as I got a fuller picture of the environments that the other teachers were part of.  Just about every research group in the lab from the CDF and DZero detectors to Astrophysics had teachers in a group somewhere within them.  While our roles were limited by our abilities we were able to make contributions and learn by our contact with the researchers within each group.  The problems and challenges that we faced and shared with each other gave me a better understanding of just how international and interrelated the physics community is.  From collaborations at the CMS detector in Switzerland to the Auger observatory in Argentina the questions that physicists are defining and finding ways to answer are truly larger than any one country or lab group.
One of the great things about being at Fermilab is the access to the latest research on key questions of modern physics today like the validity of the Standard Model of particles and forces, the nature of dark matter and dark energy, and access to the experimental methods and data that is needed to answer these questions about the origin and fate of the universe.  There is a rich environment where lectures are given about both broad topics designed to educate summer students and more detailed reports of current research.  These lectures are always archived and the power points associated with them are freely available on the web site of the lab.  In addition there were numerous opportunities to tour the facilities that make up the lab and interact with the tour guides who were uniformly very knowledgeable.
Lectures which I attended included one by Arden Warner on Accelerators, a lecture by Julien Branlard on Electrical Engineering and other types of engineering done at Fermilab, a talk by Marcel Demarteau on Particle detectors, Cesar Rodriquez on Quantum Effect in Photosynthesis, Donna Kubik on Astrophysics, Debbie Harris on Neutrino physics, and Ton Kroc on the use of the neutron beam to treat cancer.  The lectures are available here (https://interns.fnal.gov/summer-lecture-series).  
Besides the uniformly interesting presentations one lesson, which I think was intentional on the part of the organizers of the talks, involved the nature of the speakers themselves.  They come from a number of different countries, multiple ethnicities, and members of both sexes.  Science is profoundly international, especially at a place like Fermilab, and it is very democratic in that talent in the subject is the sole criteria for participation, not nationality or any other factor.  What also impressed me, not only with the speakers but also with other people I met in the various facilities is the facility with languages (English) that all of these people demonstrated.  I couldn’t help thinking about the relatively poor job that we do in educating our students in foreign languages in our schools and the disadvantage that puts them at in a world where they might easily be expected to work in countries where knowledge of more than just English would be a necessity.  

Modern Physics Research Questions
What are the questions that the lab is trying to answer?  On the very useful and full webpage of Fermilab there was a link to a document produced by the High Energy Physics Advisory Panel (http://www.fnal.gov/pub/forphysicists/hepapbook/index.html ) titled “Quantum Universe”.  This document poses 9 fundamental questions of modern physics in three realms that are really big questions that remain either unanswered or untested.  The content of this report is integrated throughout many parts of the Fermilab web pages.
The first area is whether all physics can be united within a single unified theory.  Quantum physics describes matter well, but the discovery of dark matter doesn’t fit the standard model of physics.  Are there new forces and particles to be discovered like the neutralino?  Theories of supersymmetry exist, but experimental evidence needs to be found to either support or refute them.  The role of accelerators like the Tevatron at Fermilab and the Large Hadron Collider (LHC) at CERN should be able to answer some questions here (Ellis, 2006, http://www.symmetrymagazine.org/cms/?pid=1000357). 
A second question is that of dark energy.  Since the discovery that the universe is continuing to expand at an increasing rate, an explanation of this phenomenon is called for.  Until recently I would popularize the understanding of the nature of the universe by talking about the big bang and use the Doppler effect to help make sense of the interpretation of the red shift found in light from distant in time and space galaxies.  Galaxies that are more distant from us are receding away from us at a faster velocity than galaxies that are closer to us.  That closer galaxies have a lower velocity implies that the rate of expansion of the universe is slowing down.  An easy explanation is that the gravitational attraction of the matter in the universe is causing this slowing in the rate of expansion.  
It now appears based upon more detailed observations of distant supernovae that the expansion of the universe is now speeding up after a period of slowing expansion.  This was a truly unexpected result and was part of the theme of the lecture given by Donna Kubik on Astrophysics.  Theorists proposed that some new force that could cause this must be present and hence the hypothesis of dark energy.  This also needs experimental confirmation and speculation that it might be related to the Higgs field could begin to be answered if and when the Higgs boson is detected either at Fermilab or CERN (Woo, 2007, http://www.symmetrymagazine.org/cms/?pid=1000480).
A third question is actually a prediction based upon string theory.  That question is whether there are actually more dimensions of space than the three we experience.  Under string theory you can explain the weak nature of gravity as a force, which is not possible using quantum theory.  While those who describe string theory say that the mathematics behind it is consistent, it also needs some evidence of these extra dimensions.  Experiments at accelerators have put size constraints on these dimensions, depending on how many of them there are, to date the type of experimental evidence that would be expected of collisions with missing mass or energy that can’t be accounted for by the production of neutrinos hasn’t been seen yet.  It is expected that the LHC at CERN should have the energy to produce such results, and possibly at the Tevatron as well (Tuttle, 2005, The Search for Extra http://www.symmetrymagazine.org/cms/?pid=1000237).  
The fourth question is whether all the forces can be united into one.  The standard model describes well the world of quarks and leptons and three of the forces the strong force, the weak force and electromagnetic, but not gravity.  It also doesn’t account for the dark energy and dark matter that appears to make up 95% of the universe.  Once again supersymmetry would, by positing another set of particles complementary to the quarks and leptons –superpartners, mathematically unite the forces and particles.  This also can be explored using particle accelerators in a research program (Womersley, 2005, http://www.symmetrymagazine.org/cms/?pid=1000064). 
To fill in some information about these questions that center on whether we can have a theory that unifies the 4 forces we have to understand something about the current theory of what makes up the fundamental building blocks of matter called the “Standard Model”.  To broadly state what is different about the standard model and our more familiar model of protons, neutrons and electrons making up matter, in the standard model there are two classes of particles, quarks and leptons.  Each group has 3 pairs of particles for a total of 6 in each group.  Protons and neutrons are made up of quarks (up and down), while the electron is a lepton.  The other 4 quarks are more massive than the up and down quarks and are unstable, so they quickly decay into the next most stable form of quarks.  Of the leptons only the electron is stable and easily observed.  The other particles are either unstable (the muon and the tau) or have very little mass and are electrically neutral (neutrinos) (http://public.web.cern.ch/public/en/science/StandardModel-en.html). 
These particles are governed by four fundamental forces: the strong force which holds together the nucleus, the weak force which is responsible for radioactivity, the electromagnetic force, and gravity.  Each of the first three forces have associated carrier particles that “carry” the force, but the particle associated with gravity has yet to be discovered, although it is postulated. (http://public.web.cern.ch/public/en/science/StandardModel-en.html)
A second group of questions centers on the particle world.  A total of 57 distinct types of particles have been discovered through research done at high energy colliders, but is this all or are more particles waiting to be discovered?
Just why are so many particles present?  Why are their masses so different?  Much has been learned about the 6 quarks and leptons but the why of their grouping into 3 families with such different properties is still an open question.  The nature of these particles and the forces that bind them still needs to be explored in more detail.      (Woods, 2007, http://www.symmetrymagazine.org/cms/?pid=1000424). 
Next is the question of what dark matter is.  Its’ discovery through analysis of the rotation of galaxies and the calculations that more mass must exist in those galaxies to account for their rotational speed is a concept that resonates in basic physics classes because it can be explained using Newtonian physics models.  What can’t be explained by Newton or the standard model is what it is made of.  So while we can see the effects of dark matter, particles of it need to be studied either through detectors that are shielded by being deep underground or through their creation at accelerators.  Other complementary projects like the Sloan Digital Sky Survey, whose camera is being built at Fermilab and will be deployed in Chile will better map the distribution of mass, both dark and visible in the universe and detection of gravitational lensing effects of dark matter.  Once more is discovered about dark matter, then its’ properties can be studied to see how they may or may not fit into current models (http://www.fnal.gov/pub/science/questions/particle-world-02.html). 

A third question on the fundamental particles that have been detected or observed involves neutrinos.  Before this summer I think I had heard of neutrinos, but really couldn’t have said anything interesting or accurate about what they are.  I still may not be able to say interesting things about them, but at least I have a little more grasp on what they are and how they were discovered.  
Their discovery came about when people were doing research on the products of atomic decay that is present in radioactive elements.  When an atom decays into a more stable element it now has a lesser mass and energy is given off by the conversion of mass into energy.  What was discovered was that when the sum of the masses and energies were calculated up, something was missing.  One principle of physics which we teach from high school on is that there is a conservation of mass and energy.  Whatever amount is present at the beginning of a process must still remain at the end of the process, although in different forms.  In contrast to the story of dark energy, a result that conflicted with an existing theory didn’t lead to the theory being brought into question, but a prediction that the energy must have gone somewhere that we couldn’t yet detect.  In Debbie Harris’ lecture on neutrinos she gave a quote by Wolfgang Pauli where he said “I have done a terrible thing.  I have postulated a particle that cannot be detected.”  I like this story of science where based upon an experimental result that didn’t make sense and a theoretical prediction of a particle to explain it because it took 26 years for its existence to be confirmed.
Several of the experiments at Fermilab involve neutrinos.  Both MiniBooNE and  MINOS are studying how these weakly interacting particle interact and change into different forms.   So questions about the nature of neutrinos, their mass, and where it comes from are not only very interesting, but potentially illuminating for physics (Reisselmann, 2005, http://www.symmetrymagazine.org/cms/?pid=1000112). 
The final group of questions on the birth of the universe and how it came to be are of the sort that people speculate on although usually without any scientific rigor.  Once again I recall a lecture that started with the questions “Where do we come from? What are we? Where are we going?  Harrison Prosper used the title of a Paul Gauguin painting of that title to start his talk on the Standard model. 
One of the main purposes of accelerators of all types is to recreate the conditions under which all of these fundamental particles and their associated carriers can be recreated and studied.  In essence to recreate the conditions that must have existed shortly after the Big Bang.  To do this, tremendous energy is needed and hence the need to accelerate particles like protons to tremendous velocities and then collide the particles together.  In the resulting collisions the stable form of the proton is broken into more elemental forms and into less common and stable particles.  It is very difficult to detect these particles because they quickly decay into other forms and only by tracing the energy that is emitted as a result of these collisions can physicists learn clues about their nature, mass, and charge.  These detectors are increasingly large and complex and currently the two major centers are at Fermilab and CERN in Switzerland.  
What should be amazing to people is that there are still detectable remnants of the creation of our universe through things like the cosmic microwave background radiation and that variations in this background radiation can give us clues about the origin of the universe.  The energy present when the universe began inflation is too high to be recreated in accelerator collisions, but some of the phase transitions between types of matter can be recreated using current accelerator technology.  In CERN the ALICE experiment is using lead ion collisions to try to recreate the quark-gluon plasma that is believed to have existed in the first fractions of a second at the beginning of the universe (http://www.uslhc.us/What_is_the_LHC/Experiments/ALICE). 
A final question at the center of modern research is that of why the universe evens exists today at all.  While the term anti-matter is not unfamiliar to most people, just what it would be is a foreign concept.  It can in fact be made as was explained during a tour of the PBAR facility at Fermilab by accelerating protons into a block of heavy material.  Out of the collisions come showers of different particles, including anti-protons.  So we know that anti-matter can exist, but the question in terms of the origin of the universe is why weren’t there equal amounts of matter and anti-matter?  This is referred to as charge parity.  If there were equal amounts then the matter and anti-matter should have annihilated each other and not resulted in a universe full of matter.
While I was at the lab this summer one of the major items on the web site was experimental evidence of an asymmetry in matter/anti-matter production of muons and anti-muons at the Dzero detector  (http://www.fnal.gov/pub/presspass/press_releases/CP-violation-20100518-Images.html).  The one percent difference was considered big news and possible evidence of charge parity violation in the early universe.  It is probably unlikely that this small a difference in the amounts of matter and anti-matter could explain why matter prevailed, but it is significant in adding to our understanding of what might explain how we got here today.
All of these questions are truly big ones that can give us an understanding of where we came from and where we are going and they should inspire people to want to know the answers to them.  
How Will This Affect My Teaching?
I teach physics that centers on Newtonian motion and asks students to conduct experiments and gather data that when they analyze it they can derive fundamental equations that provide a theoretical model for the actions they have observed.  We don’t cover quantum mechanics or the standard model of physics and I probably will never have the time to do so in a framework of a single year of physics.  I was asked by my mentor whether students ever asked me probing questions about some of the topics I wrote about earlier.  To my knowledge they never have.  If they had I probably wouldn’t have been able to give them very good answers or push them in the right direction to get better answers than I was able to.  I can probably give better answer answers next year if I get those questions, but that really isn’t the point.  We want students to have a broader view of the world and be able to ask big questions and believe that they can begin to find out answers to those questions.
I don’t expect to have very many students go on to study physics in the future, but I think that I should be able to give them the idea that it would be possible to do so and what they would need to be able to pursue such a career.  I think that my “stories” about science and physics in particular will be much richer for my experience this summer, but I also think that isn’t enough to be able to find those students with the potential to find careers in science.  
One small thing that I am determined to do is to promote the TARGET program for high school students.  This program brings students out to Fermi-lab for a 6 week period where they spend 4 hours in a lab setting and then the afternoon in a structured workshop.  This gives students an exposure to some of the science that is going on in the lab and meet the people involved in that science.  It also pays them to do so, which is a great motivator.  I think I can do justice to the program and actually get some students to apply to the program.  It might change their lives, but even if it doesn’t lead them into science, it will broaden their horizons.
The second thing I intend on doing is utilizing the summer lectures by borrowing some of the excellent content that was given during them.  Most of them are probably too complex for most high school students to get much from, but some students might be interested in following them.  I also would like to make a point of showing the diversity of the presenters, male and female, white and black, us nationals and those from other countries, and often very young and talented.  It was a nice picture of who scientists are.
The third goal I have is of using the wonderful Fermilab website and the numerous links it contains to give to students as a resource when they do their research paper on some of the topics in modern physics that I plan to assign to them as a research paper during the class next year.  I think I have enough variations on questions that physicists are working on to have very little overlap in research topics.
These are rather modest goals, but realizable ones.
Conclusion
This seems a little bit like a “how I spent my summer vacation” paper, but it has been a good opportunity for me to synthesize my experience this summer.  I’ve had a great time, met some very nice and smart people, and learned quite a lot.  I have to thank my mentor Dave Ritchie for giving me space in his office, the people in the communication and outreach group of the computer division who made me feel at home, Harry Cheung and Bjoern Penning who ran the TRAC program for accepting me into it, and the many people who either gave lectures or tours of the many components of this very interesting lab.
I think I have learned something about computer programming that while modest, did give me insights into the whole concept.  I need to follow up on it and continue working on some of the programs I learned like PERL and Python so I can get a better grasp of how to structure a simple program and have the syntax to actually do so.  It’s a little bit like learning a foreign language; to actually get fluent you have to immerse yourself in that environment.
I also got a much better idea of what the whole high energy physics program is all about.  I lack the math skills to follow the technical discourse that goes on in the lab, but I understand the more about what the questions are and what the various experiments are meant to test.  It is a classic research program where observations of the physical world lead to hypotheses that then make predictions that are tested through experiments.  I think the lectures often did an outstanding job of getting that message across.  I think I will be inspired to read some of the books that have been gathering dust on my shelves on modern physics and the theories that are impelling this new research program and I’ll probably get a lot more out of them because of my experience this summer.
Finally, I’d like to say that experiences like this are what make life interesting for me.  To be in a new situation where I can learn something new is what makes life richer and more rewarding.  I hope that my students will also find this to be true.
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