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-
Yang—Mills theory

The basic concepts of this work

Assume, G is a compact group of charges, & is the Lie algebra.
Assume t? are the generators of the Lie algebra.
tr[-, -] is the Killing form, d = 4

A(x) = AL (x)t%dx"

F=dA+AANA

The classical action of the theory of Yang — Mills

1 *
S:4g2/tI'F/\F,
N

where g = ¥5=, a « is the coupling constant.
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Effective action

The differential operators defining the quadratic form
My = V26, +2[Fu,-], M= V- J

The action is expanded in a series of views
1 o0
W(B,a) = ~W-1(B) + > o Wi(B),
k=0

where
W_1(B) = [trF2,d*x  Wo(B) = —3 Indet My + Indet My

and W, , n=1,2... are defined as the contribution of strongly connected
vacuum diagrams with n+ 1 loops, constructed via Green functions.
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Z-function

Renormalization
ar— a(e) = ar = ar(p, ae),€), J

where the relation exists
1>
a(e) = (%) arZ(ay,€).

The standart form of Z(a,,¢) is

[e elNeel P an 0
,k —+
Z(are) =1+ ) T ALY ¥y
k=1 n=k

The answer: using of Gell-Mann-Low equation for coupling constant «,.
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The Gell-Mann-Low problem

0 .
oy + 3 Biviart? = —ear + B(ay);

d
pghar =~

dur i=0
arl,—1 =0(1,¢).

U] o@ = ez

dp

ZI (Odr,G) 5;57/8)())2(0(” )— O,
Z(0,¢) =
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The classical solution for Z-function
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Asymptotic of a(e)

When ¢ — +0 then
€

e — pra,

Z(are) = (14 o(1)).
(=5

@ if o, runs to zero slower then € or runs to nonzero constant hense

a(e) = —2-(1+ o(1));

£
A
o if a, = ac(1 +o(1)) and a # ;" therefore

a(e)

- ac
- 1—ﬁ13

@ if o, runs to zero faster then e therefore

(1+o(1));

a(e) = a,(1+ o(1)).
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Asymptotic of a(e)

If o, goes to nonzero constant for ¢ — +0 then

a(e) = _E(l +o(1)),
A1

1
@:_7+C1In( e)+ C+o(1),

where
B 1 B Bia > ' f(x)dx
=i () * et G (—ﬁl—ﬁza +O/6(X)g(><)

dC

and
=0.
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Corrections

The first correction

Effective action before regularization

W(B,a) — éw_l(s) + Wo(B) + aWA(B) + a2 Ws(B) + ...

[e.o]

wo(8) = [ 5T,
0

where T(7) is the trace of heat kernal. After regularization

re, 1 —
W% (B) = oP HLW_1(e) + Wool(e),

where p - auxiliary massive parameter.
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Corrections

The other corrections

For k > 0 regularization has the form

K
1
Wi — pe (Z ng,; + Wk,0(5)> .

i=1

So effective action after regularization has the form

+ZZ (o (5)) +ZWko (= (5))"

1
Ww_ ()+*W01—|-Wo,o+
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Renormalization

m*E

@ (E)
305 S (o () )’ +3 ot (o (4))"

k]._]].

1
Wieg(B) = W_i(e) + *Wo 1+ Woo(e)+

After using asymptotic for coupling constant for ¢ — +0

m*E

—— e Wail(e) + 1Wo,1 — (C + By In(p/p)) W_y
a(e) () €

WO,O(E) — W Ioop(p)~

(o) ()" (i Wit vvk,o(a>) — (D k>0,

i=1
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Renormalization

After substitution p = pu the formula for the effective action has the form

> 1%
Wien(B) = CW_1 + Wi joop(1e) + D (~1)K— .
k=1
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Renormalization

Many thanks
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