
2 Renormalization

• Quantum Loops

• Ultraviolet Divergences

• Regularization

• Renormalization

• QED at 1 Loop
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ULTRAVIOLET DIVERGENCES
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QFT predicts the q2 dependence
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Schemes: Π(q2) ≡ ∆Πε(µ
2) + ΠR(q2/µ2)
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SYMMETRY: CVC

+ ++k’

q

k =�����
�����
�����

�����
�����
����� L = e Q

(

ψ̄ γµψ
)

Aµ = JµAµ

∂µJµ = 0

〈ψ(k ′) | Jµ |ψ(k) 〉 = e
iq·x e Q ū(k ′)

[

γµ F1(q
2) +

i

2m
σµνqν F2(q

2)

]

u(k)

Lowest Order: F1(q
2) = 1 ; F2(q

2) = 0

e Q ∆~k~k′ = 〈ψ(k ′)| Q |ψ(k)〉 = 〈ψ(k ′)|

∫

d3x J0(x) |ψ(k)〉

= (2π)3 δ(3)(~q) e Q F1(0) u†(k) u(k) = e Q F1(0) ∆~k~k′

∆~k~k′
≡ (2π)3 2k0

δ
(3)(~k −

~k′)

F1(0) = 1 to all orders in α
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RENORMALIZATION
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QED UV DIVERGENCES
Superficial Degree of Divergence:

D = 4 − BE − 3
2 FE

q
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PHOTON SELF-ENERGY: Dyson Summation
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i Dµν(q) = i D
µν
(0)(q) + i D

µλ
(0)(q) i Πλρ(q) i D

ρν
(0)(q) + · · ·

Dµν(q) =
1

q2

{(

−gµν +
qµqν

q2

)

1

1 + Π(q2)
− ξ0

qµqν

q2

}

≡ Z3 D
µν
R (q, µ)

1

1 + Π(q2)
=

Z3

1 + ΠR(q2/µ2)
; ξ0 = Z3 ξ ; Z3 = 1 − ∆Πε(µ

2)
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FERMION SELF-ENERGY: Dyson Summation
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i S(/p) = i S (0)(/p) + i S (0)(/p) [−i Σ(/p)] i S (0)(/p) + · · ·

S(/p) =
1

/p − m0 − Σ(/p)
≡ Z2 SR(/p, µ)

SR(/p, µ)−1 = (/p − m)
[

1 − ΣR
2 (p2/µ2)

]

− ΣR
1 (p2/µ2)

m = m0 +
∆Σε

1(µ
2)

1 − ∆Σε
2(µ

2)
≡ Z2 Z−1

4 m0

Z2 = 1 + ∆Σε
2(µ

2) ; Z4 = 1 + ∆Σε
2(µ

2) −
∆Σε

1(µ
2)

m0
A. Pich Renormalization 9



RENORMALIZATION

LQED = −
1

4
F (0)

µν F
µν
(0) −

1

2 ξ0

[

∂µA
µ
(0)

]2
+ i ψ̄(0)γµ∂µψ

(0) − m0 ψ̄
(0)ψ(0)

+ e0 Q A(0)
µ

[

ψ̄(0)γµψ(0)
]

= −Z3
1

4
FµνF

µν −
1

2 ξ
[∂µAµ]2 + Z2 i ψ̄ γµ∂µψ − Z4 m ψ̄ ψ

+Z1 e Q Aµ

[

ψ̄ γµψ
]

A
(0)
µ ≡ Z

1/2
3 Aµ ; ψ(0) ≡ Z

1/2
2 ψ ; ξ0 ≡ Z3 ξ

m0 ≡ Z4 Z−1
2 m ; e0 ≡ Z1 Z−1

2 Z
−1/2
3 e

Gauge Invariance (CVC): Z1 = Z2
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MS SCHEME
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