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Spin-orbit interactions between iwo quarks duve to th!:e one-gluon exchange, 3Z>-==—= gj
confinement potential, o exchange of chiral field and two-gluon exchange are \Jg E =
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considered in our calculation. As a consequence the spin-orbit energy splitting & = Cu;
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of 1P state in the baryon spectrum and the 3P; phase shifts of N-N scattering c == %
can unifiedly be explained. % B<>
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1 introduction

]

ol Nawwan the quagk potential model is quite succass{nl not only in studying the
tiweture of the heary quarkonium?), but also in explaining the baryon spectra®) and
iow hurt tange repulsion of the nucleon- nucleon interac tion®. But in this model the
i webai interaction i+ still an open problem. Theoretically the one-gluon exchange
ok avark inkeraction has a spin-orbit term VS5, as well as the Lorentz scalar

Suest potential fesds tu a spin-orbit term V¢TI as a relativistic effect, which

g bo shr VITET When one further considers the coupling of the

M ke o exchanee also wiers a spin-orbit tomn Vg, but the effect of this
i tedbos weah. banpidcaldy, s knowa that the effect of the spin-orbit tor in

e baryon specirum is negligibly smell®, Tt seems that we can describe the spin-orbit

;B

wape splitting of the single excited baryom spsicis o7 considering VI§¥? and V{ ol

.
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cowse dnese twe Lo eanesl each other wad (ive o simall coninibution to the single-

i 1 owe exiend this apin-.. ot interaction model to study the
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»om appears: the cancellation

s aioned above also securs iu the iwo-nucleon sysiemn, so that the contribution of

is too sinall to explain the experimental *P, phase shifts in
SN srattenn Lveam we leave out VL"” and consider the spin-orbit interaction
SHRSYTS

i cnchange VEGEP only in the study of N-M spin-orbit intcraction, the

0% senwa thal he effect is still too weak. Somse czleulationst®?) showed that one

»

seedo nospin-orbit imteraction which is 69 tiumes sironwer thak that roimw the oue

gluon exchaizs to repinduce * P, phase shtfte. This facivates that it is difficuli to

desiise tho spin-orbit spiiitin ixosingle D oo speciram and the P, phose shifls

om T

ol N-N Lcatioing simultanes. <y in this Tamewerk. There should be some other

Wi oTtant e wanisn 7

2+ the sym-¢rbit petennial,
i Ref.[8]. e desivod a spizn-orhit potensia from the irreducible two-gluon ex-

Cienge i There e twe torms ia the potonidal: one is color dependent nnd

- oiher is color tadepe o s couiributiones of these two terms cancel each

i



other in the single baryon system, but add in the 3P, state of the nucleon-nucleon
system. A qualitative analysis” shows that the spin-orbit potential from the irre-
ducrble two-gluon exchange diagiam is helpful to solve the discrepancy mentioned
abave. In this work, we consider the spin-orbit interactions between two quarks not
only from the one-gluon exchange, confinement potential, and s exchange of chiral
field, but also {rom the irreducible two-gluon exchange mechanism. Consequently
both the calculated <pin-orbit energy splittings of the baryon spectrum and the *P,

phase shifts of N-N scattering are in good agreement with the experimental data.

2 Theoretical framework

In this work, we start from the modified quark potential model” in which the cou-
pling between the chiral field and quark spinor was considered because of the chiral
eymrectry reqmirernent. This is a short and medinm range low-momentum nonpertus-
bative effect which comes froin the zivon jield fluctuations of instanton type. From
this low-energy QCD lagrangizi ons can get the chiral pion and sigma =xchange
between two quarks. Although this chiral conpling is very important in explaining
the medinm and lors ranze behaviors of the baryon-baryon interaction, but it is still
ot enough to obtain a description of the wugle baryon propertics and the barzon-
barvon dynamics, the one-gluon ex-hange and a confinement potential should also

be employed. The total Hamiltonian «{ the two baryon system can be written as:

[ P2
H = :\_J";"l“ - T + SV + v+ v i)
(50 3 q 1<y

In this expression, V¥ represents the central potential between twe quarks. and is

composed of the copfinemert potential, one-gluon exchange potential and the poten-

tia) from the chiral field:




vy = VEOR) + VELD) + VI, (2)

o

v/, denotes the tensor potential which consists of V29% and V§*,

Vi = VrOGH) + Vet (3)

The detailed expressions of Eqs.(2) and (3) were given in Rel.{7]. The spin-orbit

iteraction Vfis, in this model can be expressed in the following form:

VS = VETRGG) + VTGS + Vi), (4)
with
voas 3
(U) = ”'{g 2 (A “ A )L (0’, + UJ)’ (40)
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Vishin) = 5500 AL @+ F), (4b)
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Where o, 15 vhe s vupios, wnswm o the one-givon exchange. my denotes the quark
mass, a, stands {or the strength of the quadratic confinement potential, m, and .\,
are the mass and cat-imass of the & meson respectively, and % represents the chiral
coupling constant.

As mentioned above, V{3 has the upposite sign to V5F, and V& is relatively
weak, so that the spin-orbit interariion between two quarks in Eq.(4) is not strong
enough to produce a reasunable spin-orbit force of the N-N potential. In Refs. [6]
and [7}, they increase the streagth of VO5¥ by a factor of 6-3 and leave out V°3/ to
make the calculated ?P, phase shifts consistent with the experimental data. However
in the singie baryon spectruimn calcslation one finds that this spin-orbit iuteraction
would produce an encrgy splitting AF,, = E(1P;) ~ E(1P;) of about -700MeV,
whose absolute value is too large to meet the measured value AE,;, = 15MeV. This
is because that VI§? i too strong while no cancellation from V57 presents.

InRefs. {8] and [9], we have indicated that the spin-orbit term from the irreducibic
two-glnon ¢xchange mechanism (s Mig.d) 1s helplad for solving the spin-urbit prob

lem. Fig.1 i a diagram folded by two transition potential V < and Y
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an important diagram wiich can produce the effective meson exchange eflect. The

transition poteniial in the coordisate space in MHeis. [10] and [11] is given by

1 11 1 .1
Vo = t-a,{\ - W) -=(— + —)=F-A {5
9244 2 o{ i 1\, mg)r:’ 2 5}
b G (G X 63 - 7]
kg < Oy ———1(0] X da) - Fl,
‘2m1< 4m1r3 il }
with r = 7y - 13, {"1" denotes the sea quark. and "2” the valence quark ).

I3y maki g ihe closure cpproximation to the energy propagator of the intermediate

state. we ran easily obtain the effective potential between two quarks of Fig.1, The

spin-orbit potentiai of the irreducible two-gluon exchange can be expressed as:

i
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is i R S O ;))‘1‘38 m’;’;; Lo{d, + d)) (6)

Ir £q.(6) there are two different components, one is color dependent, the other is color

sndependent. Since the adoption of the closure approximation in deriving Eq.(6) and

¥
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thr axistences of some other two-gluon exchange processes which also contribute to

«lur independent term, it is difficult to obtain the strengths of both terms in

VTR cemonely. Actually, some multi-gluon exchange processes should also be in-
Juard. Therefore, as a semi-phenomenological approach, we introduce an adjustable

parameicr ags to adjust the stremgth of the color independent term in Eq.(6), and

thas we have:

oy .. 32 4 3wl oo L :
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in v calowlation, the patiancier aps is firsti; Josermined by fitting the baryon
ey splittieg AT = E{1F. ) ~ F{1Py0 then v phase shifts of N-N scattering

for gifierent pantind waves zre studied. The resulic shew that both the spin-orbit

wucrgy splitting in the baryon spectrum and the phase shifts of N-N scattering can
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2 Boosults and Discussion

Az msuad, the aucleon size paszuneter b is taken to be 1.:.50m, ard the constituent
, N
guark riass i, 15 chosen to be :134ieV. The coupling constant of the chiral field is

alased to the cooyling constans oi NaD,
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and the mass of the sigma meson can be estimated by the following relation'®!

2 = (2m,)* + ml = 650 ~ TOOMeV. (9)

The one-gluon exchange coupling constant a, is determined by fitting the mass dif-
ference M — My, and the confinement strength a. can be obtained by satisiying the
stability condition of nucleon. The strength of the color independent term in vIgE

ays, is merely an adjustable parameter. All the parameters used in the calculation

are listed in Table 1.

We calculate the spin-orbit energy splittings of some low-lying states in the baryon
spectrum, and then the 38;, *Py, °Dy, 3F,, 3F, and %G, partial wave phase shiits
of N-N scattering by sclving the Resonating Group Method variation equation. The
results of the single baryon spin-orbit energy splittings are listed in Table 2, while the
phase shifts of N-N scattering are shown in Figs. 2, 3, 4, 5 and 6. For comparison, we
also calculate these quantities in the case of without VI¢%, In Table 2 and Figs. 2~§,
the calculated results are shown for three different cases. In case A, the irreducible
two-gluon exchange spin-orbit potential VIGE is included, V(L‘? = V9§% + veel 4+
Vet 4+ VIGE, with azs = 7.15. In case B, VI§” is not included, v = VoGt 4
vee! 4+ V. And in case C, VOGE is considered only, and the strength of VFE is
multiplied by a factor of 4.7, i.e. V( = 4.7 V9$%. From these results, one can see
that the contribution from VI$Z is very important in explaining the experiments.
When VI$Z does not present (see case B), the calculated 3P, phase shifts are negative
in sign;-which is opposite to the experimental data. If we take V%% only and increase

{ <rOGE

the stre- gtk of VISE, {case C),! then the 3P, phase shifts can be improved, but the

baryon spin-orbit energy splittings become entirely unreasonable. As long as VIg?

is employed in the calculation, one can find that it is not difficult to explain the

In this case the treatment is similar to that in Refs. 4], [6] and (7], in which the strength of VOGE

was increased by a factor of 8 and 8, respectively.
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Table 1. Parameters
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Table 2. Spin-Orbit Energy $plittings in Baryon Spectrum
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Figure Captions:
Fig.1. Irreducible diagram of two-gluon exchange.
Fig.2. °S; phase shifts of N-N scattering.
Experimental data are taken from Ref.[14].
Curve A is for the case of Vég) = VLOSGE+V£g"f+VIfg+ VEGE with ape = 700
Curve B is for the case of Vi = viEr + V{g"’ + Vb
Curve C is for the case of Vég) = 4.7V oFE,
Fig.3a. The same as Fig.2 for *Py phase shifts of N-N scattering.
Fig.3b. The same as Fig.2 for *P, phase shifts of N-N scattering.
Fig.3c. The same as Fig.2 for °P; phase shifts of N-N scattering.
Fig.4a. The same as Fig.2 for *D; phase shifts of N-N scattering.
Fig.4b. The same as Fig.2 for D, phase shifts of N-N scattering.
Fig.4c. The same as Fig.2 for 3D, phase shifts of N-N scattering.
Fig.5a. The same as Fig.2 for *F; phase shifts of N-N scattering.
Fig.5b. The same as F ig.2 for 1% phase shifts of N-N scattering.

Fig.6. The same as Fig.2 lor 3G, phase shifts of N-N scattering.
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