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Effective Potential
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Introduction

Definition

Vet (9) = Vo(¢) +hVi(9) +...
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Gauge dependence
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IR divergences
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Va(9) ~ log G(¢),

Va(¢) ~ G

At the L™ loop level

Vi(9) ~ G*H(9)
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Nielsen identity

Gauge
Dependence

Gauge dependence
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Perturbative expansion

Gauge

d
Dependence % Veff(¢7 €)|¢:¢min = 0

Vet (9,€) = Vo(9) +hV4(9,E) + PP Va(9,E) + ...
O™ = 9o+ N Py + 1P G+ ...

J
% VO’(P:% =0
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h-expansion

Minimum

(Vo(9)+V4(9,6) + 1 Va(9,€) + ..

Gauge
Dependence

OMiN=go+Np1+...

Potential

Veff|¢min =

2
Vo+hVy+ <v2+¢1av1+%132v0> +...
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Momenta split
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Hard & Soft

IR Soft: k%~ G(9). Hard: k> G(9)
ivergences Veff(¢7§) _ VS((]),&) + VH(¢,<§) )

Hard potential

0
T VH((P,é)’(p:q)H =0

J
§5g9" =0

A

2018.10.17 Dept. of Physics and Astronomy -13- Andreas Ekstedt | Andreas.Ekstedt@physics.uu.se



IR Divergence Cancellation
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Soft potential

2
VS| gopmin = ... ht (vf+¢1avf1 +";1!32vfz+...> ..

]
N
IR

divergences

Vlomgo ~ G°H(9)
9"V |pmgo ~ G H1(9)
VS((P,g)’(P:‘Pmin = OI
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Conclusions
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divergences m /R & Gauge problems are solved by proper
perturbative expansion

m Potential can be split into a hard & soft part

m Hard minima is gauge invariant & /R finite
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