Asymptotic freedom, Confinement
and triviality in classical Ag®



Set up

S = [(£0.90"¢ — L A0¢* + 4m Q¢ ) d*x

Static spherically symmetric solution
A@-Ap =-47Q5(x)



Anti-screening

0
Po = +

do 0’
12 ;; r =L ) = —47'[Q5(X)+lor—3

It A, >0 =>screening, if A, <0 = anti - screening



The perturbative expansion

o(r) = L

f(x) = 1+ape” jj(j:ﬁ(x”)dx”)e‘xldx’ — N(ayp),
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aep(x) = —A0Q7°f*(x) = aof*(x)

x = In(r/ry)
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Renormalization group and asymptotic freedom

A pp(x) = Zaﬁ“gn(X)
x = In(r/rg) "

a,(r) 77977

go(x) =1, g1(x) = 2x, go(x) = 4x% + 6x, g3(x) = 8x> + 30x> + 48x,
g4(x) = 16x* + 104x> + 342x% + 570x,
gs5(x) = 32x +308x* + 1572x3 + 4998x2 + 8568x,

g6(x) = 64x6 + 41576 x5+ 5880x* +27612x3 + 86832x2 + 151956z,



RG properties
ao(r) = a(ro) + a*(ro)g1 (=) +...= ia””(lfo)&(%)
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Gell-Mann-Low equation
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B(a) = Z Bttt = 2a? + 6a° + 48a* + 570a’
k=1

+ 8568a® + 151956a’ +...,



Partial resummations

da(x)

—— = 20*(x) + 6a° + 48a*
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Dimensional transmutation and asymptotic freedom
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We can define the renormalization group invariant physical scale R, via

R 1
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a(r) = -A(r)Q* = 2111(}%/1”)

Asymptotic freedom



Beyond perturbation theory and asymptotic behavior

Exact classical f function

Of(r)
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Weak coupling expansion and renormalons
pla) = >_Pra*"
k=1
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Br =2, Bi=2(m+<)BrwPmfork>2,

m=1

Pi1 =2, P2=06, B3 =48, B = 570, B5s = 8568, Bs = 151956,...

Bi = (k+1)!p]
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"Nature" of renormalon
B =2a*(1+¢)

2024 = £ _3g(l+¢) = ¢—3a+ 0(?,eq)
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The nonperturbative solution and confinement

The infrared coupling constant
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For a>1 1t 1s more convenient to work with

f// _f/ 4 a0f3 = () X = ln(r/Rc)
() =12 = 3() +af* = 0

(f?Y = ap(f*) for Ax~\/g~\/%<< 1
1) = cow(%) = ()"
a(r) = agf? =~ aom cos? U 4 a%(f“)dx)
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Confinement

2
V(r) ~ L2 o pl/3

r

E=L[(V)+ 229 dx = 70 [ anlf)L ~ 0)0* ()"

The energy of the isolated charge diverges as r'”® and therefore it cannot exist as a free asymptotic state. This can be interpreted as a
hint of confinement of isolated sources.
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String vs. Dipole



On the triviality of Ag" theory with positive A

B = 2a* — 6a’ +48a* — 570a° +...
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Conclusions
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