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Introdution
• on�nement in gauge theories- Polyakov loops: zero expetation value- Wilson loops: area law
• ontat to hiral symmetry- de�ne dressed Wilson loops using the hiralondensate
• ontat to external �elds- Fourier transform in the external �eld
→ on�rm area law
→ reover onventional Wilson loops
→ no additive renormalization due to dressing
→ make Wilson loops aessible in diagrammatiapproahes/model alulations



Main idea[arXiv:1104.5664℄
• onsider planar Wilson loops of arbitrarygeometry, with area S

• apply external (abelian) onstant �eld B

• losed loops in e.g. hiral ondensate (with probemass m) reeive fator of eiBS

• Fourier transform in B at �xed S to obtaindressed Wilson loop
• onventional Wilson loops are reovered as

m → ∞



Analogy with dressed Polyakov loops[Bilgii, Brukmann, Gattringer, Hagen '08℄
• onsider losed (possibly winding) loops, withwinding number q

• apply phase boundary onditions ϕ

• winding loops in e.g. hiral ondensate (withprobe mass m) reeive fator of eiϕq

• Fourier transform in ϕ at �xed q to obtaindressed Polyakov loop
• onventional Polyakov loop is reovered as

m → ∞



Magneti �eld in �nite volume
• B = (0,0, B) onstant, abelian, in the z diretion[talk by F. Negro℄
• vetor potential Aν = (0, Bx,0,0)to get ∂xAy − ∂yAx = B

• for any losed loop in x− y plane, with area S:
W (S) → W (S) ei

∮

C Aνdxν = W (S) ei
∫∫

Bdσ = W (S) eiBS

• quantization due to �nite volume + b.
LxLy ·B = 2πb b ∈ Z['t Hooft '79; Al-Hashimi, Wiese '09; D'Elia, Negro '11℄(eletri harge is set to 1)



Magneti �eld on the lattie
• multiply gluon links Uν with uν = eiaAν ∈ U(1)

uy(n) = eia
2Bnx

ux(n) = 1 n 6= Nx − 1

ux(Nx − 1, ny, nz, nt) = e−ia2BNxny

uν(n) = 1 ν 6= x, y

• quantized �ux and area on the lattie:
a2NxNy ·B = 2πb 0 ≤ b ≤ NxNy

S/a2 = s 0 ≤ s ≤ NxNy



De�nition
• quark ondensate in external magneti �eld

Σb =
1

LxLy

〈tr 1

Db +m

〉

• gauge invariane ⇒ ontains all losed loops:
Σb = ... · 1+ ...〈plaquette〉eib + ...〈W

∣

∣

∣

s=2
〉e2ib + ...

• dual ondensate through disrete Fourier trafo:
Σ̃(s) ≡

∑

b

e−isbΣbpiks loops of �xed area s ≡ dressed Wilson loops
• remarks: - partially quanhed approah- all magneti �elds for Fourier trafo- 2D Dira operator Db is used



Lattie results - Σb

• Nf = 2+1 stout smeared staggered fermions withphysial pion mass on 163 × 4 lattie
• using only 5 on�gurations

• remarks: - Σb grows with b, then saturates- heavy quarks wash out the e�et



Comparison to dynamial ase

dynamial B partial quenhed B[talk by F. Negro℄
• deviations between `valene' and `total' large at

b > NxNy/8



Lattie results - Σ̃(s)

• dressed Wilson loops as funtion of area s

• ompare to onventional Wilson loopsof size rx × ry suh that rxry = s

• remarks: - deays with area- modulations?- smaller errors due to self-averaging



Deomposition of Σ
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Mehanism - mass suppression
• geometri series for the ondensate:tr 1

Db +m
=

1

m

∑

ℓ even

trDℓ
b

mℓwith ℓ = L/a length of loop
⇒ large mass suppresses long loops

• remark: no disonneted loops due to tr
• loops with S = 4a2:

irumferene ℓ = 8 irumferene ℓ = 10

• minimal irumferene ℓmin(s) for eah area s



Mehanism - entropy of loops
• ideal lattie loop: maximal areawith �xed irumferene

→ squares (not irles)
• large ℓ is suppressed, but # of loops larger?
• number of loops F(s, ℓ) with reursive algorithm

→ asymptotis for given s, large ℓ ≫ s:
F(s, ℓ) ≈ 4ℓ/ℓ2

⇒ entropy is always exeeded by m−ℓ if m is largeenough (i.e. m > 4)
• for m → ∞ dressed Wilson loop Σ̃(s) ontainsonly loops with ℓ = ℓmin(s)



Lattie results - limm→∞ Σ̃(s)

• large m limit of dressed Wilson loops:
mΣ̃(s) ·

mℓmin(s)

F(s, ℓmin(s))
→ 〈W (s)〉for square-like Wilson loops W (s)



Mehanism - IR and UV behavior
• expetation: fuzziness with width ∼ 1/m

⇒ less sensitive to lattie spaing
• spetral representation

Σb =
1

LxLy

〈tr 1

Db +m

〉

=
1

LxLy

〈

∑

λb,i>0

2m

λ2b,i +m2

〉

→ dominated by IR modes up to λ ≃ m(lost for onventional Wilson loop as m → ∞)
• renormalization:- Fourier trafo removes additive renormalization- multipliative divergene anels in m ·Σ

⇒ mΣ̃ has a meaningful ontinuum limit



Summary and outlook
• hiral ondensate plus magneti �eldsto desribe on�nement
• large probe mass suppresses long loops

⇒ lim
m→∞

mΣ̃(s) ∝ W (s)

• dressed Wilson loops: - IR dominane- better renormalization
• meaning of Σ̃(s) at �nite mass?
• appliability beyond lattie?


