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Effective Potential

Definition

Veff (φ) = V0(φ) + h̄V1(φ) + h̄2V2(φ) . . .

1-Loop

V1(φ)∼1
2 ∑

d.o.f

(∫
ωB(φ)−

∫
ωF (φ)

)
,

ω =
√

k2 + m2(φ)

V1(φ)∼∑m4(φ) log(m2(φ))
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Gauge dependence
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Nielsen identity

Gauge dependence

(
ξ

∂

∂ξ
+ C(φ ,ξ )

∂

∂φ

)
Veff = 0

ξ
∂

∂ξ
φ

min(ξ ) = C(φ
min,ξ )
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Perturbative expansion

∂

∂φ
Veff(φ ,ξ )|φ=φmin = 0

Veff (φ ,ξ ) = V0(φ) + h̄V1(φ ,ξ ) + h̄2V2(φ ,ξ ) + . . .

φ
min = φ0 + h̄ φ1 + h̄2

φ2 + . . .

∂V0|φ=φ0 = 0, φ1 =− ∂V1

∂ 2V0
|φ=φ0 , . . .
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"h̄"-expansion

Minimum

(
V0(φ) + h̄V1(φ ,ξ ) + h̄2V2(φ ,ξ ) + . . .

)
φmin=φ0+h̄φ1+...

Potential

Veff|φmin =

[
V0 + h̄V1 + h̄2

(
V2 + φ1∂V1 +

φ2
1
2

∂
2V0

)
+ . . .

]
φ=φ0
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IR divergences

G(φ)|φ=φ0 = 0,
V3(φ)∼ logG(φ),

V4(φ)∼ 1
G(φ)

At the Lth loop level

VL(φ)∼G3−L(φ) + . . .

2019.01.05 Dept. of Physics and Astronomy - 10 - Andreas Ekstedt | Andreas.Ekstedt@physics.uu.se



Effective
potential

Gauge
Dependence

IR
divergences

IR Divergence Cancellation

Lth order

V |φ=φmin = . . . h̄L

(
VL + φ1∂VL−1 +

φ2
1

2!
∂

2VL−2 + . . .

)
+ . . .

VL|φ≈φ0 ∼G3−L(φ)

∂
nVL|φ≈φ0 ∼G3−L−n(φ)

V (φ ,ξ )|φ=φmin is Finite & Gauge invariant order by order
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