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Theory of regularization

Lds Lds bds
1) Integral calculus — = — = —1lne oOr =

Sokhotski—-Plemelj theorem

2) Theory of generalized functions (Sokhotski formula)

3) Quantum field theory: Feynman diagrams and perturbative expansions

We need to deform G — G, near x ~ y

type deform
dimensional dimension parameter
cutoff gauge invariance

high covariant derivative Sherstor ot oacopcloprcor



The main properties

1) Spectral representation: let Ap, = 1’p, and AG =1, then G, = §,G, where

Sunw=[cwm¢mwummww;
IR+

2) Explicit cutoff in coordinate representation near x ~ y :

[x=yl, [x=y|>1/A 4
— = and G,(x,y) = I +o(1)) In RY;
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3) Homogenization:
1 1Jor() o) 1Jd~<><> 1
=< | do(y | deMe®) =1
47z|x|f\ 33 Jg3 dr|y/IA + x| S3 Jea

4) Covariance: Does , inherit physical symmetries of A?



The simplest example

Let deN, x € R, A(x) = -9, 0, and
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then we have

A

. 1
J ddye’xuyG(|y|)p(|y|/A)=—J do(y) G(|x — yIA ),
N S, 1 Jeu

G(x1y) =

where
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Yang—Mills theory

Yang and Mills (1954)
Trautman (1979)
Babelon and Viallet (1981)

Let G be a compact semisimple Lie group, and g is its Lie algebra.
Then, 1, denote the corresponding generators, which satisfy [¢¢, "] = f*1¢, tr(1") = — 26 .
Yang-Mills connection components: B, (x) = B;(x)t“.

. . — ra a a _ a a abc pb pc
Components of the field strength: F (x) = Fj ()%, Fj, =0,B}—9,B;+f*“B/B;.

- : aby ... — _ Dac chb _ ach ¢ DeWitt(1965)
Covariant Laplace operator is M, /”(x; ) Dz (x)D;"(x)5,,, — 2af“PF,,(x) . oo ae)

Luscher(1982)

G,uv('x’ y) — RO(X — y)aO,uv(x’ y) + Rl(x _ y)alluy(xv y) + R2(-x _ y)azl,w(xa )’) + PS()C, )’),
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Problem statement

Additional restrictions:

(0 1 0 1)
I =1 0 1 0

\)
Bi(x) = =x"&% , where (&) =
—1 0 -1 0/

forall a € {1,...,dimg},

then, with z = x —y, we have

225

a“s széﬂyfo_ﬂfaﬂlz 1>(1 = 2a?)

1150 50
il ﬂRZ(Z) - o2 + 0(S2> :

G, (x,y) = Ry(2)6,, + 2as R (2) —

- 2J
We need to calculate p(y/M(x, y)/A> G(x,y), where p(r) = 1(7) .
r




Results

RO(Z)5W + 2as¢,, (Ro(z) + Rl(z)>
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(1,2 2 2 ) 2 v, L =2a4, 1,2 .
R(x)__<g|x| (In(x*u?) = 1) + A2 In([x P ) + o= | x| A+ A2 x| > A
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Result for 2-D Sigma-model

Operator is M (x) = — D;;baxﬂ. Then, after some transformations and simplifications we get

G(x —y) = Ry(x — y) + s’mR,(x — y) + 0(52)

2 2 2
1 x |7 (In(|x )—2
With Ry() = =~ In(|x P4, Ri(x) = (nClxF w7 =2)

R,(x) = 1 —In(]x[*u?), |x|> 1/A;
: 2L, x| < 1/A,
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L 1P (I x P = 2) + A2 In(|x Pad), x] > 1A

4 —(L+ DA™= ~L|x|?, x| < 1/A,



Many thanks!



