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String theory has received no love recently:	
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Yet despite all this negative press, string theory continues to 	


be an active area of research. 	



The goal of this lecture is to give you some idea of what	


string theory is, and why people continue to take it seriously	


despite all the vituperation directed at it.	



But before I can do that, I need to give you some idea of 	


how particle physicists see the universe. 	



LET’S GET STARTED!	





The Four Forces	


We can explain everything in physics with four fundamental forces.	



Let’s go through these one by one, in order of familiarity.	



Gravity: Acts on all objects with mass, although you really only 	


see one example of this every day: The Earth, and everything else!	



However, it’s true that all objects attract each other gravitationally.	



In particle physics, we describe the interactions by 	


the exchange  of a messenger particle, which is how	



 the interacting objects know about each other.	
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Particles come in	



They exchange a	


graviton (talk)	



Particles go out	



Particle physicists talk about these 	


interactions through  	


Feynman diagrams	



All forces can be summarized by saying what’s interacting	


 and what the messenger particle is!	





Electromagnetism: Acts on all objects with charge (electrons,	


protons, etc.) and is mediated by the photon. This is responsible	


for more or less everything you see every day.	



The other three forces:	



Strong Force: Acts on quarks, and things made up of quarks 	


(a proton is made up of three quarks); the messenger particle is	


the gluon. This is what keeps the stuff inside the nucleus of an	


atom from breaking apart. 	



Weak Force: Acts on leptons (e.g. electrons, neutrinos) and 	


quarks; the messenger particles are the W and Z. This is a	


nuclear force that’s reponsible for certain decays.  	



And that’s it! Let’s summarize:	







“The Standard Model”	



However, this chart is somewhat deceptive. 	



There’s a major problem here!	





The Problem With Gravity	



But you need to sum over all the	


different ways this can happen!	



Feynman diagrams	



probability of two particles 	


scattering off each other	



ways of doing it	


like this	

=	



For particles scattering off one another,	


one must compute amplitudes:	



ways of doing it	


like this	





Sometimes, these diagrams give infinite probabilities!	


This is bad – you can’t even have probability > 1.	



Can fix it = Renormalizable	


Can’t fix it = Non-renormalizable	



Gravity is NON-RENORMALIZABLE:	


There’s no way to sensibly describe it using this language!	



We need to describe 	


quantum gravity	



without getting infinities.	



The problem comes from scatterings which happen	


at very short distances – these contribute big numbers.	





Quantum Gravity	


The problems with gravity all come from quantum effects, where	



 stuff blows up. Can we find a consistent quantum theory?	



Options:	


2) Loop Quantum Gravity	


3) ????	


4) Give up!	



It’s difficult!	


1) String Theory	





String Theory: The���
Best Theory EVER	



The idea behind String Theory 	


is simple: The fundamental	


constituents of nature are not	


point particles, but strings.	



In order to see the stringy structure, 	


you need to do experiments to see	


distance scales of (around) 10-34 m!	



So no direct tests are possible, yet.	


(Or really probably ever.)	





How does string theory help solve our gravity problem?	



Remember, infinities in gravity come from very high energy	


(short distance) processes. String theory basically gets rid of	



these processes by saying that below some length scale, you should	


do string Feynman diagrams instead!	



These string Feynman diagrams do NOT diverge.	



Strings come in	



Exchange virtual graviton	

 Strings go out	



String Theory is Awesome!!! 	





The Equation That Started It All	



Area of surface swept out by string	



spacetime coordinate	



string tension	



info about universe	





So what’s the big problem? Why doesn’t 	


EVERYONE love String Theory?	



5) They’re just jealous (“fundamental envy”)	



1) String theories must be 10 dimensional	


9 space, 1 time. That’s a lot!	



2) It is very difficult to get the Standard Model	


Usually, you get too many particles.	



3) Not really testable (yet?)	


Need super high energies!	



4) Consistent with many different universes	


String theory appears to predict a large	


number of possible parameters. 	





OK, so what’s the good stuff?	



1. It is a theory of quantum gravity. 	



Stringy Feynman diagrams	


are finite. This is major!	


We should take any 	


quantum theory of gravity	


very seriously, since it is	


so difficult to engineer one.	



2. String Theory predicts supersymmetry (SUSY).	


Supersymmetry is the most promising candidate for physics	


beyond the Standard Model, explaining many puzzling aspects	


of particle physics. But this might not be such a good thing –	


so far there’s no direct evidence of it!	





3. String Theory has lead to a ridiculous number of advances 	


in our understanding of math.	



Often, results that seem obvious in physics are highly	


nontrivial in math. String Theory and supersymmetry	


have led the way towards tons of new results in math.	



4. String Theory has helped us understand difficult puzzles	


in otherwise difficult Quantum Field Theory problems.  	



It turns out that there is an exact equivalence between 	


a ten-dimensional string theory and a four-dimensional	


particle theory. Using this correspondence, we have made	


progress in understanding theories like QCD.	



5. It’s fun, in the way that hard math is fun.  	





Is String Theory really correct?	


Who knows? Even if it’s not really a theory of physics, we’ve	


still learned a lot along the way about many different things.	



Science is a creative process – not just memorizing facts!	



String theory and its offshoots have brought	


about some very interesting results in both	



mathematics and physics, but we	


must be honest.	



100 years ago, people never would have guessed	


the progress made during the 20th century. Similarly,	


we probably can’t yet imagine what (or how) people	



will be thinking 100 years from now –	


but that shouldn’t keep us from trying. 	





My Personal Opinion	


(Not necessarily endorsed by QMUL)	



String theory will probably never live up to its original promise.	



Said another way, I doubt we’ll ever really be able to show	


that it predicts our universe, or indeed many of the properties	


that we’d like it to (particle masses, number of dimensions, etc.) 	



I think the future of string theory is that it will become more	


like a tool, something we use to understand hard QFT problems. 	


	


But there will probably always be some people that are	


trying to understand the mathematical underpinnings. This is like	


what happened to Quantum Field Theory! 	


	


And that’s not a bad thing.	





Questions? 	


Feel free to ask me now, or stop by my office (GO Jones 225).	



THANKS!	




