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Fluctuating Flux-Tubes
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between a static quark and an anti-quark.

| w




Fluctuating Flux-Tubes

A fluctuating flux-tube of finite intrinsic thickness is formed
between a static quark and an anti-quark.

| w

L

Flux-tubes behave effectively as a string when their length is
much larger than their intrinsic thickness.
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Details in Mike Teper's talk.



Deviations from the Nambu-Goto String

Evidence of fluctuating intrinsic thickness?

m Can the deviation from the predictions of the Nambu-Goto
string be excited modes of intrinsic thickness?



Intrinsic Thickness

To evaluate the effects of intrinsic thickness we need a model that
has intrinsic thickness as an explicit degree of freedom.
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<Wilson Loops> from 5-Dimensional Fundamental String

Assumed Duality

< Trﬁ’exp{ifi_A} >ym= /[DX]exp{—To/d20' y[X]}

Strings Live in a Five Dimensional Curved Space
|

ds? = gmndx™dx" = F(y) (dxg + dx? + dx3 + dx3 + dy?)
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Confining geometry

Assumed Properties of the Warp Factor

m F(y) has minimum at y = y*

- 2
m limy_oF(y)= 5—2

Y*




Position Dependent String Tension

Action of the Minimal Surface in Static Gauge

S, = /_ Z dt /0 C TV ()]

ToF[YJ1+Y?)Y2 0<x<|
T[Yc(x)] = 4 ToF[Y"] l<x<L—1,
ToF[YJA+Y?)Y2 L—I<x<L



Nielsen-Olesen Vortex Line

Thickness of a Vortex Line H. Nielsen and P. Olesen. Nucl. Phys.,
B61:45-61, 1973.




Intrinsic Thickness of a Flux-Tube

1
W)~ T o]

Intrinsic thickness of the flux-tube changes with the position of the
string in the fifth-dimension
y

m Consistent with the holographic interpretation.



Static Potential: Quadratic Approximation

Fluctuations along the Y directions, fluctuation in the intrinsic
thickness, are massive.

Fluctuations along x7 are massless.

Including small fluctuations around the minimal surface gives rise to

V(L) = ToF[Y'IL—25 -] = 4\/_L\/Wexp(—2ML).

E M~ mg,ueba” ~ 1GeV
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Need for a Non-Perturbative Approximation

The quadratic approximation is inadequate

m Lattice results indicates that the data fits very well to the
Arvis's formula

L/ [2\* , 7dP

m Fluctuations along the Y directions are massive and are
suppressed but

m the fluctuations along x7 are massless, we would like to treat
them non-perturbatively.
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What is Large Dt Approximation?

Fluctuations in Static Gauge

X(0) = {t,x,ar, YC(X)—i—(py(t,x)}, ¢ = {$T,¢y}.

Assume large number of flat transverse dimensions, Dr.

Very similar in spirit to the large N analysis of O(/N) model,
but with a “magnetic field" along one of the directions.

For the Nambu-Goto string in flat space gives the exact result
(Alvarez, 1981)
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Outline of the Calculation

The Large D Expansion, an Outline

1 Approximate the metric near Y. = Y* as
FIY]=F*(1+3M%¢3)

2 Introduce an auxiliary field: g,, = 9,0.05¢ and a delta
functional 6(gap(0) — d20.9p¢9) in the functional integral.

3 Write the delta functional using Lagrangian multiplier field
N,p.

4 Integrate the fluctuations ¢ which now appear only
quadratically.

5 Minimize the effective action S.[g, N], which is proportional
to D7, to get the leading contribution in 1/D+ expansion.



VL = —
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m The first term: the Arvis's formula.



VIL] = 4\/_LC[L]\/_Lexp{ 2B(L)ML}
_ : (1-4)
B(L)=(1-2) C[]_f—mzf

M2— _1 d?F[Y+]

FIY*] ~ dY?

m The second term: zero-point fluctuations of the thickness.



1
L L2\2
V[L]:E<1—p> 4\/_LC[L]\/ MLexp{—2B(L)ML}
A=t -t Bu-a-m c- S

m The first term: the Arvis's formula.
m The second term: zero-point fluctuations of the thickness.
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Comparison with Effective Stings in Four Dimensions

1
Sriga =MB [ Poyi+ s [ PomamxLy
Ground State Energy of a Rigid String in Large Dt Limit (Braaten,

Pisarski, and Tse, Phys. Rev. Lett. 58 (1987) 93).

12 ) M2[3
L(md\*(smy 1
8\ 12 10 ) eM3 L4

u Differs from the Arvis's formula at O(1/L%),

2
Viigia[L] = M?L — adl 1 (nd) 4



Conclusion: Flux-Tubes from Gauge/Gravity

Gauge/Gravity provides a model for the flux-tubes with intrinsic
thickness

m For the assumed confining geometry, and in the large dr
limit, it implies that the effective strings that describe long
flux-tubes are just the Nambu-Goto strings. Marginal and
irrelevent terms, must be O(1/d7).



Conclusion: Deviations from Nambu Goto

According to the present model, the leading source of the
deviations in the spectrum of flux-tube from Nambu-Goto
spectrum must be due to excited modes of intrinsic thickness -
or excited modes polarised along the curved fifth-dimension (or
their mixing.)
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