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2012:  the LHC finds the Higgs Boson!

but ... how do we learn anything by scattering protons in the first 
place?

2015-2018:  Run II
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Scattering quarks (or gluons) is simple ...
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... but scattering protons is an incalculable mess.

protons
huge mess 
of particles
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This keeps theorists employed.
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Thinking about this kind of problem has given us new and 
deeper ways to think about Quantum Field Theory - in terms 
of distance and time scales, not particles and Feynman diagrams.


We are developing new tools which allow us to pull apart 
complex processes like this in increasingly sophisticated 
ways.  Some of these pieces can be calculated analytically, some 
numerically, some extracted from experiment, some modelled - 
we can then stick the pieces back together.

This keeps theorists employed.

“Effective Field Theory”
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(Feynman, Bjorken)

σ(p(P1) + p(P2) → tt̄ + X)

classic example: pp scattering
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incalculable, but measurable
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modern example #1: pp scattering to final state jets
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(one of the 
things we do)
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(another of the 
things we do)

b

u

W

measure the COMPLEX PHASE of this 
coupling (CP violation -> new physics, 
understanding early universe ...) ... two 
dedicated colliders (>$1B) were built to 
measure this kind of thing

modern example #2: precision weak interaction physics



M. Luke  - Jamboree ’18September 5, 2018
 �9

- need new factorization theorems ... 

- need to understand corrections, 
validity ... lots of interesting theory!

B

π

π

Need to extract this from a complicated hadronic mess ...

modern example #2: precision weak interaction physics

(another of the 
things we do)
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	 effective field theory

	 1/Q expansion

         operator product expansion

         chiral perturbation theory

         perturbative QCD

         ...
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Theoretical tools:

... there are a lot of interesting and subtle things to worry about for 
LHC physics ...

students: Matt Inglis-Whalen, Aris Spourdalakis, Jyotirmoy Roy


