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Possible effects of quark and gluon condensates in heavy quarkonium spectra
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The Cornell potential with the best fitted parametetsand « are modified by adding terms derived from
nonperturbative QCD, which are characterized by a series of nonvanishing vacuum condensates of quarks and
gluons. In terms of this potential, we study the system of heavy quarkonia. The results show that the correction
caused by the additional terms reduces the deviation between the data and the values calculated with the pure
Cornell potential and improves the splittings of energy levels. The achievements indicate that the nonpertur-
bative effects induced by vacuum condensates play an important role for the correctiarf,toviich in
general was phenomenologically put in by hand. This result would be helpful for understanding nonperturba-
tive QCD along a parallel direction to the QCD sum rulg30556-282(196)04411-6

PACS numbgs): 12.39.Pn, 12.38.Mh, 14.40.Gx

. INTRODUCTION order of as. This has been shown by Gupt al. [5,6],

_Fulcher[7] and Pantaleonet al.[8]. In this investigation, as

The success of the potential model in explaining hadronicy preliminary study, we temporarily treat the condensate ef-
spectra and hadronic properties has been remarkable. ESRgzt ajone and will collect the closed-loop correction in our
cially, for the J/¢ andY families, various potential forms later paper

[1], in which both the Coulomb and confinement potenUaI; As to the condensate correction, there are two different

tent with the data at the charm and bottom energy scaleieSUIts' ourg4] and Larsson'49]. The effect of the differ-

within a certain error. In general, it is believed that confine-Sc€ May show up in the spin splittings of heavy quarkonia,

ment comes from the nonperturbative effect of QCD, butThus our additional effort in this paper will be dedicated to

unfortunately, so far, that is an unsolved problem. searching fqr t_he po_ssib_le effects of these two approaches.
Along another line, Shifmaet al. [2] proposed to study We hope this mve;tlgatlon may help us to understand the
hadronic properties in terms of the QCD sum rules where &ondensate correction deeply. .
few nonvanishing vacuum condensates of quarks and gluons AS mentioned above, the nonvanishing vacuum conden-
Mq(tqtha), (as/m)(G2,G¥7), etc., describe the nonpertur- sates can only be used to descrlb? an extrapolation from a
bative effect. They started from a short distance, where th&hort distance to a medium ranfig}; therefore, the longer
quark-gluon dynamics is essentially perturbative, and exdistance effect at the energy sca®Aqcp cannot be in-
trapolated the dynamics to a larger distance by introducin@'Uded in the scenario. In other words, this scenario is only
nonperturbative effects step by stgdl. The applications of valid within the intermediate range if only a finite number of
the theory extrapolated in studying hadronic properties suchacuum condensates is kept, and for the bound states, the
as the spectrum, decay width, and hadronic matrix elementgotential term responsible for the confinement should come
etc., indicate that one can trust the validity of this approachfrom the larger distance=1/Aqcp. Therefore, we are at-
Inspired by these successes, we have been trying to intréempting to introduce a reasonable picture where the main
duce nonperturbative QCD effects, characterized by nonvasontribution to the confinement is caused by the interaction
nishing quark and gluon vacuum condensates, into the tradit <A ocp, Where the physical picture is not clear yet. Since
tional potential modeJ4], so that a deeper understanding of this part is not derivable at the present stage, we keep a
the hadronic structure and the underlying mechanisms whichhenomenological confinement form, generally the linear
determine how quarks are bound into hadrons can be ob<r term which is the main part of the confinement potential
tained. In our derivation of correction terms, the vacuumand universal to all of the heavy flavors. Then we perturba-
condensates were employed to modify the free gluon propdively introduce the corrections induced by the nontrivial
gator. As a consequence, the quark-quark potential and théacuum condensates into our framework. It would make ob-
spectrum of heavy quarkonium are affected. Studying theseervable contributions to some hadronic propertiesl/af
possible effects is the main purpose of this paper. Meanand Y families; for example, the spin splitting between 1
while, we have noticed that beside the modification of the®S; and 1'S, could be one of the sensitive quantities for the
gluon propagator, characterized by the vacuum condensatemrrection. Moreover, we will claim that there is no double
the closed-loop correction can also contribute a comparableounting between our derived correction and the contribution
effect, because these two kinds of corrections are in the sanfeom the larger distance Alycp.
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It should be emphasized that the amplitude of thevation or hint from lattice gauge results. Some very good
wave function at the origin, which is essential to the spinresults which coincide with the data within an error of a few
splitting, depends on the potential model adopted. For inMeV were reported6]. We will discuss this problem in
stance, the Richardson potent[dl0] wave function at the some detail in the last section.
origin is almost the half of Cornell’s. In this investigation,  On the other hand, in this work we are trying to under-
we start with the Cornell potential, which has the simpleststand such corrections in terms of some well-established

form among existant potential models, as the zeroth ordefheories which can handle nonperturbative QCD in a more
approximation and then add in the condensate corrections iRatyral way.

a perturbative way. Therefore, our wave function at the ori-  \yjithin the QCD scenario, where the nonvanishing

gin is close to that of the Cornell potential, and the differencq/acuum condensates of quarks and gluons characterize the

betwee_n ours aﬁd Cornell's starts to show up only in thenonperturbative effects, the modified gluon propagator in
approximation higher than zeroth order. In our later Work’{nomentum space can be written [43

we will study these differences and effects caused by adop
ing different model wave function as the zeroth order wave

function. .

In the next section, the potential corrections derived with G =_—I<g _ M) F(qz) 1)
vacuum condensates are briefly reviewed and different for- QR \ TR g ’
mulas are analyzed. In Sec. lll, the numerical results are
presented and compared with the data. Finally, our results
are discussed and conclusions are drawn. where

Il. OUR MODEL —

As Shifman, Vainshtain, and Zakhar@®VZz) [2] sug- F(q2)=1+lg§ > Mnngi(GZ)%.
gested, there are nonzero vacuum expectation values of the 37 pSuas 47(Q7—mp) 3 q
quark (¢q¥q)) and gluon (as/m)(GG)] fields, and so the 2

propagator of the gluon should include the effects of these

condensates. In fact, in the propagator, all the terms associ- , . . . _

ated with vacuum condensates are proportional atd In this expression we only keep thg Iowe_st dlmens_|onal

(n=1). On the other hand, the contributions of higher ordercoNdensategyqisg) and(GG). We derived this expression

perturbative QCD corrections to the potential were discusself! the standard waf4], in which the normal product opera-

in Ref.[5]. In comparison with such corrections, the conden-tors such asy(0) and G*(0) have nonvanishing matrix

sate terms do not suffer from the loop suppression. SV&lements in the physical vacuum; i.éy) and(G?) are

noticed that fact and then suggested that the condensatkst as parameters to describe nonperturbative effects, and

could be considered as a larger contribution. Therefore, aheir values have already been determined in the literature

the order ofa?, we only include the condensates, but not the[2].

perturbative correction. In another way, by comparing the 12 1)-point
There have been various ways to modify the potentialGreen’s function i is the number of external legs af

Except the higher order perturbative QCD correction, all ofor A#) and then-point Green’s function with the insertion

them attempt to include some nonperturbative effects to thgs 1o operatorsyy(0) or G2(0) (these Green’s functions

potential, because it is sure that such effects must be takeé}e with respect to the phvsical vacuurharsson achieved
into account. Richardson proposed a fdrhd] [9] P Py M

Sy 412w 1 1
(@)="3E3-2N,) @ In(1+q¥AD)’

1

wv=

O2mu(Ypvp)  59HGH]|
2 PP+l | 28&]

whereq? is the momentum of the gluon exchanged between
guarks and\; represents the flavor number, while the linear .
confinement still remains unchangedsas It gives an effec- X(_') ( s — qﬂqv) 3
tive correction which indeed involves the nonperturbative q° gt )

effects. Besides, Fulch¢r] gave

where the propagator was derived in Euclidean space. Ex-
panding the first piece with respect &g, one notices that
not only are the coefficients at the lowest ordegfdiffer-
wheref(Ar) has a very complicated integration form, which ent from those in Eq(2), but also the sign of the coefficient
can be found in Ref[7]. Recently, Guptaet al. considered associated with the gluon condensate is different from that in
not only the higher order perturbative radiative correctionsEq. (2). These differences arise from different approaches
but also a more complicated nonperturbative t¢6h In all used to deal with nonperturbative effects and perhaps due to
these works, the corrections related to nonperturbative efthe the improper usage of the fixed point gailigé which
fects are phenomenologically put in according to the observiolates translational invariandd1].

1
V(r)=Ar— Ff(Ar),

8
(33— 2Ny)
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In this work, we also determine phenomenologicallyman diagrams. Therefore, they appear as mass-dependent

whether Eq.(2) or (3) is more consistent with the data. corrections toxr —4a/3r. Consequently, there is no double
We write down a proper scattering amplitude betweercounting involved inkr —4a4/3r. Moreover, the Coulomb
two quarks as term —4a,/3r comes from one-gluon exchange and repre-

sents a short distance effect where perturbative QCD works
perfectly well. Therefore the correction induced by the con-
densates which manifest the nonperturbative effects does not
overlap with the pure Coulomb part either. Theterm may
A2 be understood in the following picture. Wheny, is very
xiuq,(pé), (4) large, one can define the total momentkimf the quarkQ as
Po=mqu + 6 whereQ is almost on the mass shell,is the
four-velocity of Q, and § is the so-called residual momen-
tum of the order ofA ocp [13]. From Eq.(4), one finds that
in the largemg limit the emitted gluons are soft. This leads
to the conclusion that the confinement tekmplays a role at
P1—P1=Pp5—P>=0, the energy scalé ocp. In this picture,xr is independent of
m

a

A _
M = (=igs)*Uq(P1) ¥, 7 Uqg(P1)D*"(4%)Uq:(P2) s

with

and carry out the Breit-Fermi expansion with the spinors (2) Since all the correction terms associated W'th the
uq(p;) being the solutions of free quarks. In deriving anVacuum condensates are proportional tmg/ under this
effective potential, the spontaneous approximatiga 0 has ~Meaning, they are of the same order as the relativistic cor-
been taken. It should be mentioned that this approximation i&ections in the Breit-Fermi expansion.

a traditional treatment in the literature although it is not quite  (3) Since the higher order terms are omitted, the derived
valid in the potential derivation. Moreover, in Rdfl2],  potential is not appropriate in dealing with higher reso-
the termq,q, was kept ax);q; (do=0). If the conserved nances.

vector current (CVC) theorem is respected, i.e., (4) Our numerical results indicate that beyond th8 2
0“Ug(P1) ¥,.Uq(P1) =0, the terrrqﬂqvlq2 vanishes, and then state the calculated values would deviate from the data more
the derived potential will have a small difference with thatand more, but for the 8, 1P, and 2 states, these values
without CVC theorem, even though it is not very extrava-indeed make sengsee below

gantly apart. Then one can apply the three-dimensional Fou-

rier transformation to convert the propagator in momentum

space to coordinate space and derive an effective potential IIl. NUMERICAL RESULTS
between quarks. ) . o
The potential derived in the way used in Ré&], in In this work, to elucidate the significance of the correc-

which leading order nonperturbative QCD effects are considlion, we present a few very typical quantities which are cal-

ered, together with the phenomenological linear confinemerftulated in the framework of QCD. _ _
can be written in the form The Cornell potential-4a4/3r + «r with corresponding

parametersys and «, [14] which gave the best fit to the
J/¢ andY family data, is adopted as a basic condition, and
4aq the values of vacuum condensates are taken from [Rgf.
V(r)=— 3—r+Kr+V§°”(r)+ 2 (r)+V3(r), Thus there are no free parameters at all in the derived ex-
pressiong2) and (3).

To our understanding, the terrr is universal tal/ s and
where Vi*" is the correction from the nontrivial Y and dominates the confinement part. This is consistent
physical vacuum condensates, whilg”" and V3°" are the  with the consideration in the literature which deals with non-
Breit-Fermi corrections to the Coulomb and linear con-perturbative corrections. Then one can consider the addi-
finement terms, respectively. Because of the lengthy expresional part from condensates as an/ correction to the po-
sions for these potentials, we do not present them hergential. It is noticed that, as discussed in most of the previous
The explicit forms of these potentials can be found in thaiterature, one a|WayS assumed thatwas caused by a sca-
Appendix. lar exchange. As a consequence, it would not induce a spin

We note the following. splitting. On the other hand, the only term responsible for the

(1) In the previous literature, for instance R¢l4], a  spin splitting is the Coulomb term which contributes as a
comparison with the experimental data shows that the poteryector potential. It should be mentioned that this assumption
tial k1 —4a4/3r, with universal values ok andas, is ap-  was based on phenomenological requirements — i.e., for the
plicable to both)/¢ andY in solving the Schrdinger equa-  Cornell potential, ifxr was induced by scalar exchange, a
tion. Hence, this confining potential should be independengetter fit to the spin splitting data could be obtained. Now,
of the quark massn; or m,. In other words, it corresponds  the new correction induced by the condensates contributes to
to the potential in the limimg—o (Mg>Aqcp). Itis uni-  the spin splitting, and so the whole picture changes. In par-
versal and exists in alDQ systems. On the other hand, all ticular, this modification demands thar come not only
correction terms associated with vacuum condensates are fsfbm scalar exchange, but also from vector exchange. Thus,
the order of 1?3, which can be directly read from the Feyn- we can write
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kr=Bkr+(1—B)kr, 0<p<1, (5 fects characterized by the nonvanishing vacuum condensates

indeed play an important role and so manifest themselves in
phenomenology.

where the factos characterizes the fraction of the confine-  The spin splitting of the P, state is also influenced by

ment potential which comes from vector exchange, whilethe above-mentioned mentioned correction as well as the pa-

(1—p) denotes that from scalar exchange.«f is fully  rameterg. The correction terms can be rewritten as

caused by the scalar exchange, tifisA0 and it is the same

assumption as in the prewou_s_llterature. The exp_I|C|t va_Iu_e of VEOT(F) = VeI r) +Vf0(r)+vt1en(r) n

B can be fixed by data fitting. Then the spin splitting

A:(M13sl— Mllso) for cc and bb systems can be calcu-

lated. The correction term which contributes to the spin split-
ting can be read as

() = V) + V3Ar) +VE(r) + (7)

V() =V5Ar) + V5T,

<)\a)\a> —mﬁr
—(477) E aﬁr = Z ag with
T s lo g 6 VSO 1 v g
t3¢ (r)|(o1-02), (6) ZmQ roor |
where V'
ten__ N\
V3 1an[ \% } 8
2 Aj Aj B’
- AT im0 mymy
m;m 3 .
Mz 5 MMMy B e where the superscripts cen, SO, and ten denote the central,

spin-orbit, and tensor parts of the correspondfg"(r),
%y ?> Ref.[4] respectively, andv and S represent the vector and scalar
Al={ 3 \TETED il parts of the confinemendr in Eq. (5), respectively. Then the
A o2 (v I) Ref.[0] spectrum of £P; states can be expressed as
S\FBYB/+ P

2
9 M(13P,)=M+f-—g,
— g¥G?, Ref.[4], (17P2) 59
32 Js
B!= —_
3 =M —
28895<GZ> Ref.[9], M(1°p;)=M—f+2g, 9
M(13pg) =M —2f —4g,

and m;=m, are the masses of the heavy quarks in quarko-

nium. where
It is noted that the terms with, in Refs.[4] and[9] have
the same sign, but the numerical value of this term in Ref. f=(V3AN))+(V5r))+{(V3Ar)),
[9] is 3 times larger than that in Rd#]. Since the contribu-
tion from this term has the same sighough()) as that 9= (V)Y + (V)Y + (VE(r)), (10)

from the term withs(r) ((¢+4)>0), it enhances the spin

splitting between £Sy((o- o) = —3) and 13S,((c o) =1). _ .

However, for the terms with in Refs.[4] and[9], they have ~andM is the weighted average for the’®, states.

not only different numerical values, but also opposite signs. It is noticed that in Eq(10) the V and S terms are of
Therefore, the term with given by Ref[9] tends to increase opposite sign and the newly achieved correction term is op-

the spin splitting, while the corresponding term in Ref]  posite in sign to the Coulomb term. Then one may easily be
reduces the spin splitting. Since convinced that to keep a good fit to data, the appearance of

nonperturbative correction terms requirgs~0. In fact,
Guptaet al.[6] also noticed that with a reasonable contribu-
~0.01€<1> tion from nonperturbative effects, the linear confinement
s kr must be a superposition of two parts as given in &}
As a result, they obtained an approximgevalue of 0.25
with their model potential. Alternatively, with our modified
is @ small number, the existence (@ G) does not give rise potential, we havgg~0.5-0.6 for a better fit.
to a more significant influence to the spin splitting than that The numerical calculation is performed in the following
of<¢q¢,//ql> Anyway, a measurement of the spin splitting be-way. The Cornell potential which is universal toand b
tween 1'S, and 13S; tells us that the nonperturbative ef- families, i.e., independent @iy, is considered as the domi-

(5/288(G?)r?
(¥pipg)mg

r~ 0.4 fm
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TABLE I. (a) cc system.(b) bb system. In this tableEx =M, 35, M13p, Ex=Mi3 ~Mys,, A=M s —M;1g and
AQ=M;s,—M,1g. The experimental data are taken from 1994 Particle Data Group.

Cornell corr
ycomelly \/9

Cornell corr
yComelly v/

EXpt VCorneII: + VgOIT+ VEOI’F 4 VgOFF+ VEIJ.OFI’ VCorneII+ VgOI'F VCorneII+ VgOI'F
“das (V" in Ref.[4]) (V" in Ref.[9]) +V5r
K
3r
B=0.6 8=0.6 $=0.25
@
11s, 2978.8-1.9 3074.0 2979.3 3026.6 3010.8 2999.5
21s, 3594.0-5.0 3662.1 3446.3 3676.0 3625.0 3618.4
13, 3096.88-0.04 3074.0 3090.6 3157.7 3095.1 3098.8
23, 3686.00-0.09 3662.1 3493.1 3754.0 3674.5 3676.7
13p, 3415.1-1.0 3321.2 3452.7 3440.8 3418.0
1%p, 3510.53-0.12 (1P.)3497.1 3395.1 3533.1 3489.3 3480.7
13p, 3556.17-0.13 3445.1 3605.8 3514.4 3527.5
Ezo 141.07 0 123.9 153.1 73.6 109.4
Ea 45.64 0 50.0 72.7 25.1 46.7
AY 118.08 0 111.3 131.1 84.3 99.3
AP 92.0 0 46.8 78.0 49.5 58.3
(b)

13, 9460.37-0.21 9427.0 9466.8 9503.8 9452.8 9453.7
2%, 100023.36:0.31 10007.0 9987.7 10073.0 10017.0 10017.0
1%p, 9859.8-1.3 9843.6 9907.6 9865.8 9861.4
1%p, 9891.9-0.7 (1P.)9912.8 9886.1 9950.3 9902.5 9900.8
13%p, 9913.2£0.6 9920.5 9985.9 9929.1 9931.7
Ezo 53.4 0 76.9 78.3 63.3 70.3
Ea 21.3 0 34.4 35.6 26.6 30.9

nant part of the potential, and the corresponding paraa modification due to the addition of the nonperturbative
meters as and « are determined before adding in the QCD terms. With expressiof2) one has 4.85 keV, while

corrections. The values af; and « are 0.381 and 0.182 with expression(3), 4.72 keV and the experimental data are
Ge\?, respectively. And, then, the newly derived corrections4.69 keV. Since the zero-point wave function is not sensitive
due to the nonvanishing vacuum condensates as well as tie the new correction, the modifidt{e”e™~) does not devi-

Breit-Fermi corrections are treated as a perturbation addingte far from that calculated directly with the Cornell poten-
onto the dominant part. The resultant values for ¢leeand
bb systems are tabulated in Table®)land Kb), respec-

tively.

The decay widthl'(J/—e*e™) is also a good test for
various models. Fol'(e*e™), the annihilation process is
related to the zero-point wave function &fi. Considering

the QCD correction, we have

and

16me
Po(eter)=—2—|4(0),

F(ete )=Ty(e"e ) (1— 16ay/3m)

2 2

where ¢(0) is the zero-point value of the/y wave
function. In this scenario, the wave functigifO) undergoes

tial.

IV. DISCUSSION AND CONCLUSION

The potential model is successful in explaining the
hadronic spectra and other properties of heavy quarkonia.
First, it was believed that quarks are confined inside hadrons;
therefore, the potential must include a confinement term.
The simplest form is the linear confinemdat Besides, at
short distance, where perturbative QCD works well, one-
gluon exchange provides a Coulomb-type potential. By in-
cluding these two extreme sides, the Cornell potential, in the
form of V(r)= —4a4/3r + kr, whereag andx are treated as
free parameters, indeed gives reasonable results fordmth
andbb families. However, there must be some nonperturba-
tive effects which are not included in the linear term of the
Cornell potential and they definitely make substantial contri-
butions to the evaluation of spectra and other properties.
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In the general approaches of Richardson, Fulcher, anBor higher excited states, the interaction range becomes
others, the universal linear confinemext was usually kept larger, we then have to extrapolate the scenario to the larger
unchanged, but the simple propagator of the gluondistance by introducing higher dimensional condensates such
(—i/9%)(9,,—9,9,/9%), was modified by multiplying a as{qqG), (GGG), etc.
g-dependent factoF which is model dependent. Usually, ~ There is a discrepancy between R¢#| and[9] on the
this factor was phenomenologically introduced based or$ign of the coefficient of terniGG). As we pointed above,
some physical arguments or hints from the lattice calculamaybe it is caused by using different methods or the fixed-
tions or obtained from higher order perturbative QCD cor-POint gauge. Unfortunately, the contribution from this term is
rections[6]. small compared to that frorgq); therefore, the numerical

Along the other line[2], the QCD sum rules are also Vvalues calculated by using the formulas of R¢#.and[9]
successful in explaining hadronic effects. It implies that thereare not very far apart. We are going to pursue this problem
should be crossing between two lines. Thus the nonvanishingased on both first principles and phenomenology in our next
vacuum condensates which characterize the nonperturbatiVéork.
effects must be somewhat involved in the modification factor In our evaluation, the closed-loop corrections are omitted
F and may be the dominant piece or at least an importantince we only try to analyze the nonperturbative effect in the
one. present paper. However, the closed-loop corrections are

In this work, by including the effects of quark and gluon comparable with those from the quark and gluon conden-
condensates, we derive the modified gluon propagatogates. Therefore, a complete analysis where both the conden-
Namely, aqg-dependent factoE which is similar to that Sate and loop contributions would be considered will be the
shown in the recent literature is obtained in the framework ofim of our next work. It will be helpful to clarify that the
QCD. There are no free parameters in the derived expregesult as well as the method in R¢4] is better or those in
sions. Ref.[9] are more appropriate.

It is important to notice that as pointed out by Shifman, It should be mentioned that in this work we take the
this framework is an extrapolatation from short distancesCornell potential as the zeroth order approximation. Because
where perturbative QCD is reliable. Therefore, one cannoff the fact that the wave function at the origin depends on the
expect that this factoF can include as much as a purly model sensitively, it will be interesting to choose other mod-
phenomenological ansatz. But it does shed light on th&!S as the zeroth order approximation and compare the cal-
physical picture and enrich our understanding of the physicafulated results. This will also be done in our next work.
mechanism which binds quarks into hadrons. Finally, nonperturbative effects are considered by a using

For fitting experimental data, it is required that the linearPerturbative treatment. Although it is simple, sometimes it
confinement come not only from the scalar exchange but als80€S not work well. Since our purpose is to illustrate the
from the vector exchange. This is consistent with the modegffects of nonperturbative QCD effects, it would be not a
of Gupta et al. However, the value of3 depends on the Seriousissue. Itis also interesting to employ other ways such
model. In Ref[6], it is about 0.25, but in our case, it must be S the variational method adopted by Gugttal. to carry out
a value of 0.5-0.6; otherwise, the result is not meaningful2gain the analysis. It deserves further study.

This indicates that the vector exchange gives a large contri-
bution to the linear potential.

Our numerical results show that by considering the effects One of the auther¢éP.S) would like to thank Professor
of the quark and gluon condensates, a more reasonable r&:\W. Thomas for valuable suggestions and kind hospitality
sult, especially a better fit to the spin splittiegy, Eio, and  during his stay in the Department of Physics and Mathemat-
ALY can be obtained. Howevek!?) does not change in the ics, University of Adelaide. This work was partly supported
right direction. The reason is that we only take the lowerby the National Natural Science Foundation of China
dimensional condensatégq) and(G?) into consideration. (NSFQ and the Australian Research Council.
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APPENDIX

By using the method mentioned in the text and Réf, the quark-quark potential is rederived. The explicit expression of
the revised quark-quark potential can be written as

. . g (Ai‘-x;‘ar 1 e M

p 3 3 mr2+3mpr +3
U(plipZ!r):ET A15(F)+A2F+A3r+A4r +A5BT+ P

e* mﬁr
r3 }

1 1
S+ A= +Agr+
Ag 3 Az r Agl +Agg

1 1 Mmgr +1 2 . - .
XS+ Agr—g+AloF+A11r+Alm—Brre‘mBr}~[fl-(rxpl)—fz'(rxpz)]+p-dependentterr}n

with
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A 1t 1 2 A o A
T om  2m2 mim, | 3mym, 3mzm;m, T 24mimymy’
X (01 07) |, 1
As= " Samum, " "
a_g Pl L1 11
277 mglsm? T 8m3 Amm, m3 N
B
1 - - Ass= " Tom,m,m
. 112108
+ 6m1m2(01 T3) |
A 1 1 1 A
As=— 2B _B,( AET Ag:_[ __B}’
mg 16m; 16m; 8mym, myg
(0107
_l’_ J !
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