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Lattice results and dual QCD results for all heavy quark potentials through @pdark mass 2 are exhib-
ited and compared. The agreement on the whole is quite good, confirming the validity of dual QCD.
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Bali, Schilling, and Wachtef1] have recently calculated « at various energies. We have set all these ratios equal to 1
from lattice theory all of the heavy quark potentials—the because in dual QCD the coupling constant, in the classical
central potential, all spin-dependent potentials, and alhpproximation used to derive the potentials, does not) run.
velocity-dependent  potentials—through order velocityThe comparison of the potentials is given in Table I.
squared or, equivalently, through ordeguark masg 2. We In dual QCD, the potentid¥/, can also be broken up into
have previously computed all of these same potentials fronan electric and a magnetic part:
the dual superconducting model of QCD, i.e., dual QCD
[2,3]. Our purpose in this Brief Report is to compare this V,=VE-VE, 1)
new lattice data with dual QCD predictions.

The definitions of the potentials by Bali, Schilling, and where[3]

Wachter[1] are the same as in dual QCD, except for those

proportional to velocity squaref4]. (Bali, Schilling, and VavE=—v2yiP 2
Wachter include in their calculation some numbers called

C,,C3,C4 etc., which represent ratios of the running couplingand

TABLE |. Comparison of the potentials of Bali, Schiller, and Wachter and dual QCD.

Bali, Schiller, and Wachter Dual QCD
1/1 1 1/1 1
I T 2 2\ /E__ 2 I 2 2
Vot g m§+m§(VV°+VV§ VaB) Vot g m§+m§(VVo+VVa)
Vi Vi
Vs Vs
V3 V3
V4 V4
Vo LV V- B
Ve 3(=Vi+V_—Vi+V)
Vy

§(VL+V_+3Vi+3V)
Ve 3 (Ve HV_—V= V)
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_ ) FIG. 4. Same as Fig. 2 but fof; .
FIG. 1. Comparison of the dual QCD central potentisblid
line) with the lattice central potentidpointy for 8=6.2. The dual
QCD parameters are,=0.2048 ando=—0.2384 GeV. The lat-
tice string tension, in contrast, is=0.2190 GeV.
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FIG. 2. A similar comparisorfusing the same parametgfer

the quantityV2VE .
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FIG. 5. Same as Fig. 2 but fo/;.

FIG. 6. The lattice result for the lowest value Bf has been

omitted as it contains thé function contribution to the potential.
Our curve is the contribution of dual QCD other than the delta

FIG. 3. Same as for Fig. 2 but for V; . (Note the minus sigh.  function.
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FIG. 7. Same as Fig. 6 but fof, . FIG. 9. Same as Fig. 6 but fofy.
ARY ¢ 7 culation differs considerably from that used by Bali, Schiller,
VAV2=— § €2V V' GV X ) goir s 3) Y y

and Wachter, the quality of our fit described here is compa-
rable to theirs.
Figure 2 shows the comparison of the quanmﬁvg.
(Here the superscript “NP” stands for nonperturbativehe 1 h€ agreement, evidently, is not bad. _
dual QCD result forv® is weakly singular and requires a _ We Eecall, hé)vv.eve'r, as mentioned before, that in dual
cutoff [5]. The same result obtains for the lattice calculationQCP V= (VotV3) is simply a4 function. This result dEoes
of VB [6]. The spin-spin potentia¥, has as function term  Not hold on the lattice, and so some d'SCfe_panCW?Wa,
and the termV2(V,+VE) in dual QCD is simply propor- especially at smalR, is not surprising. There is no figure for
a 2\/B - .
tional to aé function at the origif3], though these naturally v Va. Pecause, also as mentioned above, in both dual QCD
do not show up cleanly in the lattice calculation. All of the @nd on the lattice this quantity is weakly divergent but is not
remaining potentials are finite and well behaved in both apYeTy sensitive to the required cutoff. A detailed analysis and
proaches. comparison oiV2V, in dual QCD and on the lattice is given
The comparison of the two sets of results are shown in Ref.[S]. _

Figs. 1-10. Figure 1 shows the lattice and the dual QCD The remaining figure¢Figs. 3-10 show the parameter-
calculations of the central potentialy(R). The units are free dual QCD predictions and lattice data for the rest of the
GeV and Fermis. The dual QCD parameters given in [2af. Ppotentials, namelyy;, V3, Vs, V4, Vp, Ve, Vg, andVe.
have been Changed to produce a best fit to the |aﬁtpmr All of these agree remarkably We(HVIIhln the lattice calcu-
B=6.2. The new parameters asig=0.2048, the string ten- lation uncertaintie with a few relatively minor exceptions.
sion o =0.2384 GeV, and the dual gluon mass is 950 MeV. The short distance behavior fV2V; andV; is above the
These changes significantly worsen the fits fordoendbb  lattice data for distances less than 0.2 fermis. In this domain
spectra given in Ref2]. The resulting effective/? is 11.4, radiative corrections giving rise to running coupling con-
about 6 times that of our earlier fit. The average error in-Stants and asymptotic freedom become important, and those
creases from 13 MeV to 29 MeV. While our method of cal- 8¢ not included in dual QCD. Also, at sm&| Figure 5
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FIG. 8. Same as Fig. 6 but fof,. FIG. 10. Same as Fig. 6 but fof, .
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shows the dual QCD spin-spin potential to be well above theion of the smallR behavior of both of these potentials in a
lattice points. To understand the possible origin of this dif-lattice calculation.

ference, consider the interaction of a point magnetic dipole To summarize, the lattice data for the central potential
with a sphere of constant magnetization in which dipole and/o(R) were used to determine the parametegsand o of
magnetization directions are determined by the two spin didual QCD. The resulting fit is shown in Fig. 1. All the re-
rections. For the dipole outside of the sphere the interactiomaining potentials are then uniquely predictéiys. 2-10.
potential is of the form of/5 and produces the usual pertur- Overall the agreement of these dual QCD predictions with
bative QCD result. For the dipole inside the sphere the interthe lattice data is remarkably good, and we feel that it pro-
action is a constant and has the spin dependendé, ofif V|_des evidence f(_)r the validity of the dual picture of long
one takes the radius of the sphere to zero, holding its madliStance Yang-Mills theory.

netic moment constant, this potential becomedanction at We would like to thank Gunnar Bali for making their
the origin. Because of the fact that the finite lattice size repfattice results available to us in the numerical form necessary
resents a granularity in space, one might expect a modificder the detailed fits and comparison.
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