Ultraviolet and infrared properties of the sine-Gordon field

General problem: define, forc R? andF = ccod o ¢y)
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Regularization
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UV Theorem:
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Idea: Hierarchical model (Dyson-VWison)
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Key propertyof Wick’s polynomials P(dZ) : (¢ + )% :=: ¢
= [PM(dp™) :costa(¢™ + M) : k= cosagy™):
Conclusion fora? < 4t
/P(N)(d¢( —/\jcos(aqu X gt TR A%(2 Zkzﬁk)Zz ||

Beyond 41? expansion to ordem: error becomes summable
a2 . -
when(2-2N2mN)2-2N < 1 je. if a? < 8m(1— 4).

However calculations to orderare harder (yet possible)
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Important that the free energy defintion only requiresstant
counterms (th&(a,N)): physical intepretation possible
(Yukawa-gas)

Infrared: Coulomb and dipoled gases
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is the partition function of theeutralCoulomb gasdq? = Bez)
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Tha ~hanma fvariahleak <R (C-R) o e o
The change of variableg,~" = 4’2; transforms the

problem into an UV problem in a bd2 R

02 . <—
_R)(| ,ﬁ,A) — /P(d¢(<R)eA72<2_4n)RZG—if|2R :e|oor¢)((7 R)IdX

Theorem For aﬁdg 8m(1— 4) < a2 < 8m(1— 2(n+1)) the first
2n coefficients of the Mayer expansion are finite. Or

(1) as the temperature decreases+os (i.e. a® = 0) to

Te = Sn the Mayer series coefficients become defined and
(2) for T < T all are defined (BGM).

(3) For a? large enoughu? > 24rrthe Mayer series converges
(at smallA) (GawKup).

(4) At high T: “plasma phase” (Debye screening, (Bry))

(5) At low temperature “multipole phase” or
“Kosterlitz-Thouless” phase
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Hierarchical model

In this case it can be shown

(1) the Mayer series converges fof > 87, i.e. in the entire
multipole phase, (BGN)

(2) correlations have power law decay expon%fp(BG N)

Furthermore the “dipole gas” can be represented via thgrate

/ P(dy(~R) — conste! /i #dbcosadpn(e))

and in this case it has been proved convergence of the Mayer
expansion (GawKup) at att? with power law decay of the
corelations. With our method we can only prove finitenesdlof a
Mayer coefficients (BGN).

The hierarchical version is obtained by replaceggvith 4z,
depending on the position of the poin€ A in the left or right
half. For this model: convergence of the Mayer expansion
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