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OUTLINE:

e Effective Actions

e Inverse Monte-Carlo with WARD-Identities
e Testing the FADDEEV-NIEMI Conjecture
e Effective Actions for POLYAKOV-Loops

e Summary, Outlook



1. Effective Actions
given: action S|U]| for microscopic variables U

— macroscopic (composite) variables X = X |U] with
e SetlX] — / DU X — X[U])e 5!

interesting cases in physics: [ DU 7

But (cp. eff. potentials, xPT, GINZBURG-LANDAU)

o Ser|X| inherits (global) symmetries of S[U| —
o ansatz: Seg|X| = ), Ak Sk|X], symmetric Sk.

e systematic expansion?

1. couplings Ar via phenomenology

2. couplings A\g via simulations



MC: known S|U| — (X |[U])

‘ need inverse Monte Carlo I

2. Inverse MC with Ward-ldentities

Monte Carlo:

S — ensemble of configurations

inverse Monte Carlo:

ensemble of configurations — S

IMC Algorithm:

e generate ensemble {X(i)}

o standard MC: S[U] — {U®}, U-ensemble
o = {X(UW)} ={X®}, X-ensemble
o = (O[X]) = X O[X ]



e determine A\ via SD equations (Parisi et al. ‘86)

— X € 2 = target space with metric g,
— assume isometry — Killing vector &,
Legap(X) =0
— invariance of DX =[], dX,/g9(X.) —
[ DX £ (FIX) exp(=S.alX])} = 0

in simulations: F[X] =1, X% XX, ...

— ansatz S.g —

S AFLeSk) N\ = (LeF)  SDE

— (overdetermined) linear system for \j

check: (O)s ~ (O)s., = MC for Seg| X, \g]



3. Testing the Faddeev-Niemi Conjecture

e CHO-decomposition:

A, =Cmn—-—nx9g,n+X,, mn: monopoles
N———’
— Hyy

FADDEEV and NIEMI: IR-dynamics of glue

SSFNZ/d4a:[m2(8 n)? —I—L(n 8nx8n)}

4e2

field strength H,y
e 0O(3)-Sigma Model: n-n =n%n®=1

e dynamically generated mass scale m! FN: “unique

local and Lorentz invariant action for the unit vector

n which is at most quadratic (!) in time derivatives

and involves all such terms that are either
relevant or marginal in the infrared”

Sspn supports stable knot—like solitons



BATTYE/SUTCLIFFE ‘98:



e Bound on energy of static solitons: rescale x

m 2

2 ~ 1
—6E = F = /dsx((Vn)2 + — Z](n))
finite energy —

n(|f] +o00)=ny , n:8°— 5

m(S%) =7 , classified by Q

HOPF invariant () =

linking number of 2 loops C; with n(C;) = n;.

configuration space consists of topological

sectors, classified by HOPF-number ()

VALENKO AND KAPITANSKY (1979):
E>cC|QPt,  C=16x%3%8~ 238

can be improved. BPS-bound?



‘ Problems I

change of variables A, — (C},,n, X ,,)?
functional integration over C),, X ,,? (H. GIES)

H? = (nOn)? — (nd,0,n)?

why same coupling?
universality class: O(3)—Heisenberg 7

Ssrn — SSB: SO(3) — S0(2)

‘ 2 Goldstone bosons, no mass gap??? I

where are the GOLDSTONES?

lattice test: negative! (JHEP 12, 2002, 014)



Reformulations: (P. van Baal, A. W., PLB 515 (01) 181)

e CP; formulation: n,=2z2r,2, 2€C?, 2tz2=1
gauge potential = composite

Hopf-number = Chern-Simons-action

o The coset formulation: ng(z) = str[rsg" (2)7.9(z)]

— 2
J = gng current, flat connection
(2 = gauge field winding number

FE ~ gauge fixing functional for non-linear MAG

minima of E (() fixed) ~ gauge fixed pure

gauge potentials in a sector with winding

number ().

pure gauge theory vacua <— knots



Calculating S.g

e gauge invariant definition of n:

+A1 Landau gauge:
A LG > tr(Uy(z) + hc.)
+9(z)
’ maximally Abelian gauge:
gj - > otr (TgUM(ZC)T3U/E(£C))
1
1k explicit SB: O(3) — O(2)

e numerical ‘observables’:
magnetization: It = (n3)
susceptibility: xt =Y. nini/2
mass gap: M
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algorithm

M a4

X

L aM M [GeV]

Al

All

0.438 9257 0.61 0.95

0.366 79.66 0.6/ 1.03

o ansatz: Seg = ), A\ Sk + Zj Ay, S

symmetric operators S;:

on - on

On-0On | (n-0n)? | (n-90,0,n)

non-symmetric operators S;:

-h | (n-h)?

(On-0n)(n-h)

e lattice Schwinger-Dyson-equations:

Dn = H dnx5(n2 —1) SO(3)-invariant
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Isometries of S? —
8

angular momentum at z : 1L, = n, X 55— =
N,

Y (FLSk)M + Y (FLySi)N, = (L, F)
k k

e > = Mi-independent Ward identities

F = n, minimal model (one \') —

N = -9yt <0

e Inverse MC:

A" > 0 and mass gap

My < Mpn < Mywm

1.0 GeV 1.2 GeV 1.5 GeV
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4. Effective Actions for Polyakov Loops

Polyakov loop = traced holonomy

Ny
LU) = 5t Bal], Pall] = [[ Ui
t=1

[ = Nga: spatial size

‘ L: order parameter I

T >T,.:(L)+# 0 : deconfinement

— 7.5 center symmetry spontaneously broken

B¢ = Nia: inverse temp.
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conjecture: finite temperature SU(2) YM-theory in
universality class of 3d Zs—Ising model (Svetitsky-
Yaffe, 82)

well established on lattice (critical exponents) (Karsch

et al., de Forcrand et al. ‘01)

Zo-symmetric effective action: (Svetitsky ‘86, Pisarski ‘00)

Set[L] = Ao Y LaLy+ Y AorL2F =) XonSu
k

(zy) x,k

o L,U] simple
® 7o symmetry of Seg s symmetry of Sy —

e Se.r should exhibit SSB of Z,
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SD-equations:

o assume Se[L] = Seg[P]

B, = L,1 + Pc* = PtoH € §3

e ((4) invariance of HAAR-measure

0 0
MM = PR~ — PV
"Wa =Tagpy T e ppp

e HaAR-measure DB = [[_d*P,6(P, P, — 1) =

/ DY M {FI3B] exp(—Sea[B])} = 0

e non-trivial relations from MY

e choice F¢ = PG — <gauge invariant>
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e HAAR-measure D3 — reduced HAAR-measure

DL=|]dL,(1—L2)"?

e ansatz for S.g —

>k (1= L2)GSop,0) A2k
= ((1-L3G,, —3L,G)

e overdetermined linear system for the Ao
First results from inverse MC

e for ‘Ising type' LO ansatz

Seff, LO|L —)\OZL L,

(zy)

L, bounded ,DL # | [ dL,

18



e dependency A\o(5,)
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e MC simulations of Seg 1,0:

o SDE satisfied
o SSB of Z5 : <L> 7é 0 for \g < >\O,c ~ —(0.6

¢ qualitative and consistency already at LO



' B, = 2.2991
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Example: g, A2 and A4 in symmetric phase

Ny =20, Ny =4, =220 (3.20/21/13)
Ao = —0.43721, Xy =0.37075, A4 = —0.00693
~ 1% accuracy
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4. Conclusions

e effective actions via inverse MC
e method: lattice-SDs from target space symmetries
e FN conjecture: Seg[n], n € S?, ruled out

e further confirmation of SY-Z5 conjecture:
'calculated’ Zo-symmetric Seg|L]

useful to study confinement—deconfinement PT

Future:

e check operators contributing to Seg|L]
e check critical exponents for Seg[L]
e alternative effective actions (eigenvalues of J3)

e 7, variables (Ising spins, vortices?)
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