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Abstract: Gauge fields control the dynamics of f ermions. On the other hand a  back reaction of 
fermions on the gauge field is expected. This back reaction is investigated within the vortex picture 
of the QCD vacuum.
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0. Introduction6

The QCD vacuum is highly nontrivial and has magnetic properties, as we know since Savvidy’s7

article [1]. The QCD vacuum should explain the non-perturbative properties of QCD, among them8

confinement and chiral symmetry breaking. Lattice QCD puts the means at our disposal to answer9

the question about the important degrees of freedom of this non-perturbative vacuum. In the center10

vortex picture [2] the QCD vacuum is a condensate of closed quantized magnetic flux lines. These11

flux lines have a random shape and evolve in time and form therefore closed surfaces in dual space.12

They may expand and shrink, fuse and split and percolate in the confinement phase in all space-time13

directions. The finite temperature phase transition is characterized by a loss of center symmetry and14

correspondingly by the loss of percolation in time direction, vortices get static.15

Colour electric charges are a source of electric flux according to Gauss’s law. The electric flux16

between opposite colour charges does not like to penetrate this magnetic “medium” and shrinks to the17

well-known electric fluxtube. On the other hand the magnetic flux does not like to enter the electric flux18

tube. Therefore, the condensate of magnetic flux is suppressed in the region of the electric string. Since19

fermions carry color charges their dynamics is controlled by the gauge field. On the other hand the20

presence of a fermion condensate is expected to suppress the quantized magnetic flux lines, reducing21

in this way the gluon condensate and therefore the string tension. If, as usual, the lattice spacing is22

determined via the string tension, it is therefore expected that dynamical fermions lead to an decrease23

of the lattice spacing. In this article we show first results for the back reaction of dynamical fermions24

on the structure of vortices within SU(2) QCD.25
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1. Method and Results26

We study the configurations described in Ref. [3] for chemical potential µ = 0 with a tree level
improved Symanzik gauge action [4,5]. For the fermionic degrees of freedom we used staggered
fermions with an action of the form

SF = ∑
x,y

ψ̄x M(µ, m)x,yψy +
λ

2 ∑
x

(
ψT

x τ2ψx + ψ̄xτ2ψ̄T
x

)
(1)

with

M(µ, m)xy = maδxy +
1
2

4

∑
ν=1

ην(x)
[
Ux,νδx+hν ,yeµaδν,4 −U†

x−hν ,νδx−hν ,ye−µaδν,4
]

, (2)

where ψ̄, ψ are staggered fermion fields, a is the lattice spacing, m is the bare quark mass, and ην(x)27

are the standard staggered phase factors: η1(x) = 1, ην(x) = (−1)x1+...+xν−1 , ν = 2, 3, 4.28

For the field configuration without and with fermions we performed direct maximal center
gauge [6]. This is the gauge which brings on average each link variable as close as possible to a Z2

center element, while preserving the residual Z2 gauge invariance

R2 = ∑
x

∑
µ

∣∣∣Tr[Uµ(x)]
∣∣∣2 is maximal. (3)

Center projection maps then each SU(2) link variable to the closest Z2 center element,

Uµ(x)→ Zµ(x) ≡ sign Tr[Uµ(x)]. (4)

The excitations on the projected Z2 lattice form on the dual of a four-dimensional Euclidean lattice29

closed surface-like objects, known as “P vortices.” These are thin objects, only one lattice spacing30

across.31

Figure 1. Single time slices of P vortices on a 324 lattice. Both diagrams indicate the P plaquettes after
maximal center gauge and center projection of field configurations at β = 1.8. The left diagram is taken
from a pure gluonic configuration and the right diagram from one of the above discussed fermionic
configurations.

Examples of P vortices are shown in Fig. 1 of a 324 lattice. Since it is difficult to represent surfaces32

in four dimensions, only time slices of the P vortices are shown. Every P plaquette has four neighbors. If33

such neighbours are not shown in the diagrams they belong to neighboring time slices. One can clearly34

see that the P vortices percolate in both diagrams through the whole lattice. The left diagram of Fig. 135

is taken from a pure gluonic configuration at β = 1.8 and the right diagram from a field configuration36

at the same β under the influence of the staggered fermions, as described above. Comparing the two37
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diagrams one can clearly see a remarkable suppression of the vortex density by the fermion condensate.38

The P vortex configurations give an excellent possibility for a lattice determination of the string tension.39

Asymptotic values of the Creutz ratios

χ(
r
a

,
t
a
) = − ln

〈W( r
a + 1, t

a + 1)〉〈W( r
a , t

a )〉
〈W( r

a , t
a + 1)〉〈W( r

a + 1, t
a )〉

(5)

of Wilson loops W( r
a , t

a ) are known to give good values for the string tension, where r and t are the40

size of the Wilson loop and a is the lattice spacing. We analyze 1000 gluonic and 1000 fermionic41

configurations of Ref. [3] and show the Creutz ratios for symmetric Wilson loops, with r = t, of these42

two times 1000 configurations in Fig. 2 in dependence of the size of evaluated Wilson loops. In both43

cases one can clearly see the decrease of the Creutz ratios due to the influence of the Coulomb potential44

on small Wilson loops. Already at r = 5a the error bars of Creutz ratios χ from a jackknife analysis are45

getting sizable and do not really allow to predict the value of asymptotic Creutz ratios and therefore46

the string tension from the full unprojected configurations.
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Figure 2. Creutz ratios from full and center projected configurations. Already a few projected
configurations give much more precise values for the string tension than 1000 full configurations.

47

The situation is completely different for Creutz ratios from projected configurations. Already a48

few configurations give Creutz ratios up to much larger values of r. In Fig. 2 the projected Creutz ratios49

from only four configurations are depicted. They are insensitive to the Coulomb potential and are50

therefore almost independent of r. Some more details about the determination of the projected Creutz51

ratios are here in order. In Eq. (3) we indicated the gauge functional which we have maximized. This52

maximization suffers from a Gribov copy problem. There are many local maxima and it is impossible53

to determine the absolute maximum. Furthermore it has been shown, see Ref. [7], that there exist54

a few very high maxima which have lost the vortex finding property. This was the reason why we55

produced for each field configuration 100 different random gauge configurations and determined the56

100 corresponding relative maxima of the gauge functional (3) by the gradient ascent procedure. The57

projected Creutz ratios shown in Fig. 2 we got from the values of Wilson loops averaged over 10058

relative maxima for each field configuraiton. Lattices of size 324 are large enough that one can get59

projected Creutz ratios for distances up to 4a already for a single gauge copy. Therefore we are able60

to plot in Fig. 3 the correlation between the relative maxima of the gauge functional and the Creutz61

ratio at some small distance, in our case at r = 3a for the mentioned 100 gauge copies of 4 gluonic62

and 4 fermionic configurations. From these figures it can be seen that the Creutz ratios for the gluonic63

configurations fluctuate much less (≈ 20%) than the Creutz ratios for the fermionic configurations64

(≈ 50%). This seems to be a consequence of the vortex free regions which are much larger for fermionic65
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Figure 3. Correlation between the center projected Creutz ratios χ at r = 3a and the maximum of the
gauge functional R of Eq. (3) for 100 random gauge copies of 4 gluonic and 4 fermionic configurations.

configurations, as can be seen comparing the two diagrams of Fig. 1. The average of the Creutz ratios66

shown in Fig. 3 leads to χ(3) of Fig. 2 .67

If we assume an experimental value of the string tension of σ = (440 MeV)2 and read for the center68

projected gluonic configurations from Fig. 2a χ = 0.065± 5 we get a lattice spacing a = 0.118± 4 fm.69

For the fermionic configurations we get correspondingly χ = 0.0223± 5 and a = 0.0669± 9 fm. This70

value is larger then in the previous study [3]. The detailed study of this disagreement is a subject for71

future work.72

A related interesting question concerns the breaking of the gluonic string by the fermion73

condensate and the possibility to get indications for a possible breaking of the string from the shape74

of vortices. One can compare the energy stored in the gluon string to the energy of two heavy light75

systems, consisting of a static color source and a dynamical fermion which screens the static charge.76

Such systems were recently compared in Ref. [8]. In such comparisons it is not sufficient to investigate77

Wilson loops. It is necessary to allow for a mixture between gluonic flux tubes and broken string states.78

This impossibility to detect the string breaking from Wilson loops alone may indicate that it is not79

possible to find an indication for the string breaking from the shape of vortices.80
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