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Einstein in 1905

• Relativity
– Deduced from Maxwell’s Eqs.
– Dispensed with the ether

• Photon
– Explained photoelectric effect
– Harbinger of Quantum Field Theory
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QED

• Ampere, Faraday, Maxwell, …

ψψψψµν
µν mDiFFL −/+−= 4

1

µννµµν AAF ∂−∂=

• Dirac, Born, Jordan, Heisenberg, Pauli, …

νµν
µ JF =∂
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Yang-Mills gauge theory
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QCD

• Gross, Wilczek, Politzer, …
– Scaling in DIS         Asymptotic freedom

ψψψψµν
µν mDiGGL AA −/+−= 4

1

AAA AAG µννµµν ∂−∂= CBABC
S AAfg νµ−where
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Why do we study QCD?

• It’s interesting
– Interplay between perturbative and 

non-perturbative physics
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J/ψ production
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BR(J/ψ→µ+µ-) dσ(pp
_
→J/ψ+X)/dpT (nb/GeV)

√s =1.8 TeV; |η| < 0.6

pT (GeV)

total
colour-octet 1S0 + 3PJ
colour-octet 3S1
LO colour-singlet
colour-singlet frag.

M. Kramer, hep-ph/0106120

CDF, hep-ex/0004027

pT spectrum polarization
Run I

Braaten, Kniehl, Lee, hep-ph/9911436

CDF, PRL 79, 578 (1997)
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b production 

CDF, hep-ex/0412071

Cacciari, Frixione, Mangano, Nason, Ridolfi, hep-ph/0312132

Run I Run II
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Υ production
Run II

Berger, Qiu, Wang, hep-ph/0404158

D0, ICHEP 04
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Weak Interaction

• Also a Yang-Mills gauge theory
– Chiral
– Spontaneously broken



Scott Willenbrock - TeV4LHC@BNL 12



Scott Willenbrock - TeV4LHC@BNL 13



Scott Willenbrock - TeV4LHC@BNL 14

Why do we study QCD?

• It’s interesting
– Interplay between perturbative and 

non-perturbative physics
• It’s not interesting

– Background to other physics that 
we would like to study
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Monojets
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W  tb
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Single top
s-channel t-channel
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CDF, hep-ex/0410058
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