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Birth of modern physics

Triumphs of physics before 1905:

1 Newton’s laws of motion

2 Newton’s law of gravitation

3 Lorentz force law

4 Maxwell’s equations

J
ρ

E
B

∇ · E = 4πρ , ∇× E = −1

c

∂B

∂t

∇ · B = 0 , ∇× B =
1

c

(
4πJ +

∂E

∂t

)

These provide a hint towards relativity:

(∆s)2 = (c∆t)2 − (∆x)2 − (∆y)2 − (∆z)2

m2c4 = E 2 − (cpx)2 − (cpy )2 − (cpz)2
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Enter the quantum

Particle Field

Photon γ Electromagnetic Aµ

Electron e− Dirac ψ

N S

Dirac field satisfies iγµ∂µψ −mψ = 0 where γµ is a 4× 4 matrix.

E=0

→

E=0

Positron discovered experimentally in 1932.
Quantum electrodynamics successfully formulated in 1950.
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Lingering doubts

n0 p+

Σ- Σ+

Ξ- Ξ0

Λ,Σ0

e-

+
_

_

+

+_ _+

+
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_

++
_

_

+

Many proposed QFTs had the same high energy behavior as QED.

gQED(E ) =
g(E0)

1− 2
3 log

(
E
E0

)
g(E0)

, gQCD(E ) =
g(E0)

1 + 9 log
(

E
E0

)
g(E0)

Coleman suggested this problem to his student Politzer.
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A feature, not a bug

In 1964, Higgs boson
proposal used ideas of
superconductivity.

A completion of QED might include these interactions.

g1(E0) +g2(E0) +g3(E0) + . . .

Going to E � E0 means g2(E ), g3(E )→ 0.

[Oleaga, Salazar, Bunkov; 2014]

[Donnelly, Barenghi; 1998]

Connor Behan A very brief history of quantum field theory



A feature, not a bug

In 1964, Higgs boson
proposal used ideas of
superconductivity.

A completion of QED might include these interactions.

g1(E0) +g2(E0) +g3(E0) + . . .

Going to E � E0 means g2(E ), g3(E )→ 0.

[Oleaga, Salazar, Bunkov; 2014]

[Donnelly, Barenghi; 1998]

Connor Behan A very brief history of quantum field theory



A feature, not a bug

In 1964, Higgs boson
proposal used ideas of
superconductivity.

A completion of QED might include these interactions.

g1(E0) +g2(E0) +g3(E0) + . . .

Going to E � E0 means g2(E ), g3(E )→ 0.

[Oleaga, Salazar, Bunkov; 2014]

[Donnelly, Barenghi; 1998]

Connor Behan A very brief history of quantum field theory



A feature, not a bug

In 1964, Higgs boson
proposal used ideas of
superconductivity.

A completion of QED might include these interactions.

g1(E0) +g2(E0) +g3(E0) + . . .

Going to E � E0 means g2(E ), g3(E )→ 0.

[Oleaga, Salazar, Bunkov; 2014]

[Donnelly, Barenghi; 1998]

Connor Behan A very brief history of quantum field theory



A feature, not a bug

In 1964, Higgs boson
proposal used ideas of
superconductivity.

A completion of QED might include these interactions.

g1(E0) +g2(E0) +g3(E0) + . . .

Going to E � E0 means g2(E ), g3(E )→ 0.

[Oleaga, Salazar, Bunkov; 2014]

[Donnelly, Barenghi; 1998]

Connor Behan A very brief history of quantum field theory



Exploring the landscape

IR
UV
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Exploring the landscape

Solving the (special) endpoints will
reveal all paths going between them.

Exact solution of many fixed
points in two dimensions.
[Belavin, Polyakov, Zamolodchikov; 1984]

Carving out theory space numerically
in all dimensions.
[Rattazzi, Rychkov, Tonni, Vichi; 0807.0004]

Application to quantum gravity.
[Hellerman; 0902.2790]

[Heemskerk, Penedones, Polchinski, Sully; 0907.0151]

New solvable limits.
[Fitzpatrick, Kaplan, Poland, Simmons-Duffin; 1212.3616]

[Komargodski, Zhiboedov; 1212.4103]

Application to a line of fixed points.
[Beem, Rastelli, Van Rees; 1304.1803]
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Enjoy the rest of the talks!
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