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Abstract

We suggest that the multifractal geometry of the Standard Model (SM) near the electroweak scale may be
placed on equal footing with the stochastic quantization method. This analogy gives support to earlier

attempts by Beck to derive the SM parameters using the dynamics of coupled map lattices.

The object of this short note is to highlight the connection between multifractal
geometry of the SM, introduced in [1-3], and stochastic quantization, the latter being
built on the analogy between Euclidean QFT and equilibrium Statistical Mechanics [4-
6].

Stochastic quantization identifies the Euclidean path integral measure of Quantum Field

Theory,exp{—Sg }/ Dpexp{-Sc}, (with 7=1) with the stationary distribution of a

stochastic process. This interpretation implies that Euclidean Green functions of
Quantum Field Theory are indistinguishable from to the correlation functions of
equilibrium statistical mechanics (see (3) and (4) below).

The key premise of stochastic quantization is that the fields present in the theory (¢ (X))
are supplemented with an additional coordinate called “fictitious” time 7 [4-6]. Fields
become coupled to a fictitious heat reservoir which relaxes to thermal equilibrium as

7 —o00. In this picture, the fictitious time evolution of ¢(x) in four-dimensional



Euclidean space resembles a continuous random walk. It is described by a stochastic

differential equation of the Langevin or Fokker-Planck type. For example,

op(x,7) 0S¢
or op(X,7)

+n(X,7) (6))

Here, S; is the Euclidean action of the system, obtained by integration over ¢

Se = [drd‘x L(go(x,r),a(péi'r)) (2)

and 7(x,7) stands for delta-correlated Gaussian noise. In the equilibrium limit 7 — o0,

equal time correlation functions of the fields are shown to be identical to the

corresponding quantum Green functions, i.e.
lim(¢(x,,7)-.0(%.7)) = {p(%)..0(x)) (3)
where

_ [Doexp(=S¢)p(x)..0(x,)
(%) (%)) = [Doe(-S)

4)

It was shown in [1, 2] that, near the electroweak scale M_, , the spectrum of particle

masses m, entering the SM satisfies the closure constraint

D =Dy =1 (5)



Since (5) reflects a typical relationship in the theory of multifractal sets, it allows for a
direct connection between multifractal geometry of the SM and stochastic quantization.

To show this, let us start from

1-g =1— (M Mewye o122 _0@1), 5 =1, -0(4-D)<<1 (6)
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in which ¢, ¢, represent arbitrarily small deviations from the four-dimensionality of
classical spacetime [1, 2]. The fictitious time of stochastic quantization can be then
naturally interpreted as 7 = (ri ) , with 7, =0(&™") . Conventional formulation of Quantum
Field Theory is recovered in the deep infrared limit 7=(z,) >, &, —0, where

spacetime dimensionality settles at D =4.
The analogy sketched here supports the connection between stochastic quantization via

the dynamics of coupled map lattices and the structure of SM parameters [7-9].
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