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“Many years later, as he faced the firing squad, Colonel Aureliano

Buend́ıa was to remember that distant afternoon when his father took

him to discover ice.”

Gabriel Garcia Marquez, One Hundred Years of Solitude
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Chang Duality



Coleman 1975

Sine-Gordon Model:
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1

2
∂µϕ∂

µϕ+
α0

β2
cosβϕ+ γ0

All divergences that occur in any order of perturbation theory can be

removed by normal-ordering the Hamiltonian.

◦ Multiplicative renormalization of α0

α = α0

(
m2

Λ2

)β2/8π

◦ Additive renormalization of γ0

γ = γ0 +
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8π

2k2 +m2

√
k2 +m2

◦ β does not renormalize

S. Coleman - Phys. Rev. D 11, 2088 (1975)



Coleman 1975
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S. Coleman - Phys. Rev. D 11, 2088 (1975)



ϕ4 QFT in (1 + 1) dimensions
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Regularization
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Change of ordering
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Change of ordering
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Change of ordering: Coleman’s prescription
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Change of ordering: Coleman’s prescription
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H and H ′ equivalence
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H and H ′ equivalence
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A strong-coupling theory in

terms of H is identical to

a weak-coupling theory in

terms of H ′.

⟨ϕ⟩=(µ2

2g )1/2≃( 3
π ln g

m2 )1/2 ̸=0

S-J. Chang - Phys. Rev. D 13, 2778 (1976)



Test of Chang Duality

S. Rychkov, L. G. Vitale - Phys. Rev. D 93, 065014 (2016)



Extension to Ginzburg-Landau

Theories



Back to Coleman
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Given Z2 symmetric Ginzburg-Landau Theory ϕ2n:
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what is the analogue of Chang’s relation in order to have the

equivalence of H and H ′?



GL: H and H ′ equivalence
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GL: H and H ′ equivalence

For a ϕ2n theory
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Chang Duality in GL ϕ6



Duality in GL ϕ6

Class of universality of the Tricritical Ising Model (M4, c =
7
10 )
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Duality in GL ϕ6
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Duality in GL ϕ6: masses equation
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G. Mussardo, OP - In preparation



Duality in GL ϕ6: change of variables

After setting x = g/m2 and y = g/µ2:

u =
y

x

v =
√
y

Polynomial equation in v:

v2 +
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k2 ln
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Duality in GL ϕ6: change of variables
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Duality in GL ϕ6
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Duality in GL ϕ6
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Thanks for the attention!



Chang Duality: general

approach



Duality in GL ϕ8 and General approach
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Duality in GL ϕ8 and General approach
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For Ginzburg-Landau ϕ2n theory:

n−1∑
j=0

kj({τi})ξj = 0, ξ = v lnu, u = y/x v = y1/(n−1)
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