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Classical action

Consider the group SU(n) and its algebra su(n).
|
Let 1 are generators, such that [, °] = f*<t¢, tr(t%?) = — 55‘”’.

Here 1°*¢ are totally antisymmetris structure constants.

Consider g(-) € C®(R? SU(n)) and define a set of functions C,(x), such that

Co01* = (0,8(x)) g~ (x) .

Then the classical action is

S[C] = J d*x CI(x)Cl(x) .
R2



Quantum action

BF method:
DeWitt (1967)

Let us use the background field method: g(x) = exp(y¢(x))h(x), where At (15721

Aref’eva, Slavnoy,

h(x) I1s a background field, and ¢(x) is a fluctuation. Faddeev (1974)

We define one more background field B{(x) as solution to Bi(x)t* = (0,.h(x))h~'(x).

Then the symbolic form

W= — 111( J @g e—S[C]/4y2)
2 reg vertices with t external lines

+00 k=2 / +00

S[B] 1
Wieol B, Al = > TS (ln det(Gie,) — }(O> — [[H]f)c exp( Z };<'2 Fk> _ Z 7,2l<%k] |

4y L 1 —3 =1

regularised connects the lines
takes only strongly connected part

can be rewritten as




Regularization

Let us use a cutoff in the coordinate representation by averaging.

Define the operator O}, where A > 0, as

O™ fx) = J Py |y )x + /).

[RZ
Here we need

supp((| - |)) C {y € R*: |y| < 1/2}, J
as well as

OQOQIH(\X\)=J dzzl[ d%z, w(|z;)(] 2y | )In( | x
R2 R2

dyw(|y|) =1,

R2

ZI/A

/A|) € CHR%R).

In our case we use the quasi-local deformation ¢(x) — Of}qb(x), SO we get

27 A | 27

In(|x|o) )f(A,\x\zAz) 1 { In(A/o).

—In(|x]o),

for
for

x| < 1/A;
x| > 1/A.




Renormalization

Standard multiplicative renormalization with the dimensional regularization is

+00

111 3

v v =

But! With a cutoff we have non-logarithmic singularities, so we expand the anzats

W [B, Al = 22b — L (1ndet(G,.,) - xp) — [I]—[Iscexp<+2.o /o (T + T )) - fﬂ%] .
renl D> 47’3 > reg 0 - 1 K rk—2 - 0 %k
renormalized (T:oupling constant additional renorTmaIized vertices
After resummation we get
W...[B,A] = il - W,[B, Al + y*W,[B, Al + y*W,[B,A] + ...

4y?



First two loops

First loop:

| A ag
Wo[B, Al = — E(m det(Gie,) — 2o) y S[B],

CyLy
dr

ClO:

Second loop:
H T3 HyT,+T.,) aq

r Az(’zal(ﬂj d2x (%) LA 39 420,
= xXQP“(x X), a; = :
2 2 e Y 3@m2 T T
(91

o . o, <AO(X)G1I(X)> (Gl’f(x) — Gl,f(0)>

27[ J [R2

2 = :W dxdy (A0GM00) ) (440G ) (6 =) Gl’f<x>>



The third loop
00 W
A o O @% ol

M) HETED)  HXTC)  HET))  HE(T)

diagrams with three loops

~

Wz[B, A] —
16(3)*4!  16(3!)%4! 4(3151) 8(4!)? 2(6!) _
need to find
Hy' (T30 Hy(T,,,) Wy @) HE@Ey)  Hy@,,)
16(31)%4! 4(41)? 8(41)? 4(3151) 2(6!)
Problem: ~
Calculate asymptotics counterterms from second loop
a
l +aO<W1[B, Al +alS[B]/4) 4zS[B] + 3, .

FindI' ;, I', 4, and q,.



Expectation

Omitting details we can split the deformed Green's function as follows

S
3

Wz[B, A] — WZ,O[B’ A] —+ WZ,I[B9 A] -+ W2,2[B, A] -+ W2,3[B, A] + ...

T

G(x,y) = L%(x,y) + PS®(x,y) .

singular and "local" "non-local" and smooth enough
depends on boundary conditions
S v >
& e &
c c c

T

proportional S singularities do not appear

gives a,

can affect a,

due to renormalization of
first two loops

But we have A? and some "differences"!

}

Sowegetl ;andT,,

<+— |deal situation

<+— real life




Answers

IH(A/G) aocC ce (4 a
s == | A 0,850 ) oot e
RZ
) ) N N
a&& a“&@ e&% a&%
N S . 15A2c22R 51n(A/6)< R - 4 o Reg 4 Ros 4 2R )
= T ¢y Rt + ¢ RHT 7. + ;R
rd oy 5 4 oy 07?5 3972 YR T T O R 7T 373 T G Ry Ty
A? part logarithmic part

non-zero for all cutoffs

aya; ¢ In*(A/o)
2 16(4!)%x3
4

pure part

@, = (22, — 20, + 20 + 74) + In(A/o)i



Many thanks!



