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We analyze the spin-orbit coupling term in the nuclear energy density functional in terms of a zero-range
NN-contact interaction and finite-range contributions from two-pion exchange. We show that the strength of
the spin-orbit contact interaction as extracted from high-precision nucleon-nucleon potentials is in perfect
agreement with that of phenomenological Skyrme forces employed in non-relativistic nuclear structure calcu-
lations. Additional long-range contributions from chiral two-pion exchange turn out to be relatively small.
These explicitly density-dependent contributions reduce the ratio of the isovector to the isoscalar spin-orbit
strength significantly below the Skyrme value 1/3. We perform a similar analysis for the strength function of
the (Vp)%term and find values not far from those of phenomenological Skyrme parametrizations.
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The microscopic understanding of the dynamical origin ofterms of one-boson exchange potentials. This Lorentz-
the strong nuclear spin-orbit force is still one of the keycovariant approach is able to describe properties of nuclear
problems in nuclear physics. The analogy to the spin-orbitnatter and finite nuclei without any new adjustable param-
interaction in atomic physics gave the hint that it could be aeter. In particular, the spin-orbit splittings of medium and
relativistic effect. This idea has led to the construction of theheavy nuclei are correctly reproducéd local density ap-
scalar-vector mean-field models for nuclear structure calcuproximation. A drawback of the method is that the underly-
lations[1,2]. In these models the nucleus is described as @ng NN-interaction has been constructed without the explicit
collection of independent Dirac quasi-particles moving inuse of chiral symmetry. In a relativistic Hartree-description
self-consistently generated scalar and vector mean-fieldshere is a close connection between the mean-field potential
The footprints of relativity become visible through the largeand the spin-orbit one, since they differ only by the sign of
nuclear spin-orbit coupling which emerges in that frameworkthe vector-meson exchange contribution, while in non-
naturally from the interplay of two strong and counteractingrelativistic approaches there is no connection at all. Unfortu-
(scalar and vectgrmean-fields. The corresponding many- nately there is no direct experimental hint for either possibil-
body calculations are usually carried out in the Hartree apity. Despite all its known successes the fully relativistic
proximation, ignoring exchange terms as well as thetreatment of the nuclear many-body problem seems unnatu-
negative-energy Dirac-sea. The nucleon-nucleon interactioral in view of the small ratio(ki/M)?=0.08, with ko
introduced into these models is to be considered as an effee=263 MeV the Fermi momentum of equilibrated nuclear
tive one that is tailored to properties of finite nuclei but notmatter andvi=939 MeV the(free) nucleon mass.
constrained by the observables of free NN-scattering. For The purpose of the present paper is to show that the spin-
recent ideas about how the large Lorentz scalar and vectarbit interaction relevant for the structure @hedium and
mean-fields can be linked to the condensate structure of thgeavy nuclei is quantitatively consistent with that relevant
QCD-vacuum, see Ref3]. for low-energy elastic NN-scattering. We demonstrate that

On the other hand phenomenological Skyrme forces havéhe short-range spin-orbit interaction as extracted from vari-
been(and still ar¢ used extensively for the non-relativistic ous high-precision nucleon-nucleon potentigiich accu-
description of nuclei. In that approach the nuclear spin-orbitately fit all NN-phase shifts and mixing angles below the
coupling is introduced by hand through a suitable NN-NN-threshold is in perfect agreement with the one needed
contact interactiori.e., a spin-orbit delta-forgawith an ad-  in non-relativistic nuclear structure calculatiofissing the
justable strength paramet&¥,. Although there is a wide Skyrme phenomenology Additional long-range spin-orbit
spread in the(othen parameters of the about one-hundredcouplings generated by chiral two-pion exchange turn out to
available Skyrme forces the one related to the spin-orbit coube relatively small. These explicitly density dependent ef-
pling turns out to be rather stable with a value aroligl fects reduce favorably the ratio of the isovector to the iso-
=120 MeV fn?. In fact one may even ignore the concept of scalar spin-orbit coupling strength. We perform also a similar
an underlying effective(zero-rangg two-body interaction analysis of thg'Vp)%term and find reasonable values for its
and just take the emergingparametrizeyl energy density strength functionat densitiesp>0.05 fni3).
functional as the true starting point for nuclear structure cal- Let us begin by writing down the explicit form of the
culations within the self-consistent mean-field approxima-spin-orbit coupling term in the nuclear energy density func-
tion. Such an interpretation is then in line with the energytional:
fsur?;:rtrl]c.)nal approach to many-body problems of Kohn and Ed PprPrdpdn] = Fegke) Vp - 3+ Gedky) Vp, - 3,, (1)

The more basic Dirac-Brueckner approach of Rgdsh] where the sumg=p,+p,, J=J,+J, and differencep,=p,
solves a relativistically improved Bethe-Goldstone equation-p,, J,=J,-J, of proton and neutron quantities have been
with a realistic nucleon-nucleon interaction parametrized inintroduced,
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denote the local proton and neutron densities which we have '
rewritten in terms of the correspondirpcal) proton and 52
neutron Fermi-momentl, ,(r) and expressed as sums over 7+ a/2
the occupied single-particle orbitatkgaz(r). The spin-orbit

densities of the protons and neutrons are defined similarly: FIG. 1. _Left: The double line symbolizes the_medium insertion
I'(p,q) defined by Eq(4). Next shown are generic two-body Har-

Jpn(r) = 2 \IIEJ“AT(r)ig- XV \Pg'r)](r), (3) tree and Fock diagrams. Their combinatoric factor is 1/2. The wig-
acocc ’ gly line symbolizes the spin-orbit NN-interaction.

Furthermore Fo((k;) and Gg((k;) in Eq. (1) denote the den-

sity dependent isoscalar and isovector spin-orbit strengtRling constant, has been taken over from R@f. The some-
functions. In Skyrme parametrization§6] these are what lengthy expression in E¢) is dictated by Galilei in-
density-independent constantsEoyk;) = 3G,k =3W,/4  variance as will become clear immediately. The contribution
~90 MeV fmP, determined by one single spin-orbit force pa- of the contact-Lagrangiaﬂﬁ,‘\j) to the T-matrix of the scatter-

rameterw,,. ing procesN(py) +N(pz) — N(p1) +N(p3) reads:
The starting point for the construction of an explicit c

n_uclear energy der_13|ty fqnct|ona]so[pp,pn,Jp,Jn] is the _ _ i_5(0.1+ o) - [(p} = pY) X (p1 - po)]

bilocal density-matrix as given by a sum over the occupied 8

energy eigenfunctions:EQEOCC\PE‘J‘;(r -al Z)WL“QT(r +al?2). Cs
According to Negele and Vautherji] it can be expanded in =- i?(ﬂ'l +0y) - [(p1—p) X (P1—p2)],  (6)
relative and center-of-mass coordinasndr, with expan-
sion coefficients determined by purely local quantitiesyhere Galilei invariance is now manifest, since only differ-
(nucleon density, kinetic energy density and spin-orbit dengnces of momenta occus; , denote the conventional spin-
sity). As outlined in Sec. 2 of Re{8] the Fourier-transform  gnerators of the two nucleons. Furthermore, by comparing
of the (so expandeddensity-matrix defines in momentum- ith the analogous T-matrix element of the Skyrme spin-
space a medium-insertion for the inhomogeneous manysrhit interaction proportional tiV, (see Eq(4.105 in Ref.
nucleon system. It is straightforward to generalize this con{1q}) one finds the relatiol€5=2W, between coupling pa-
struction to the isospin-asymmetric situation of differentrameters. As a side remark we note that the spin-orbit term
proton and neutron local densities,(r) and J,(r). We  which arises from heavy scalar and vector boson exchange
display here only that part of the medium-insertib(p,d)  petween nucleons has the property of Galilei invariance only
which is actually relevant for the diagrammatic calculationjf the respective ratios of mass to coupling constant
of the isoscalar and isovector spin-orbit terms defined in Edare equal:ms/gs=my/gy. The corresponding contribution
(D to the strength parameteEs reads in that caseC"
(e e 17 1- 7 =2(1+xy)(gy/Mmy)? whereM =939 MeV stands fofaver-
I'(p,q)= | dre™ > (ko — p|) + > 6(k, = p) age the nucleon mass ane, denotes the tensor-to-vector
coupling ratio of the heavy vector bosore.g. the

) w(782)-meson.

+ ﬂ[‘s(kf_ [p]) =kt &' (ke = [p])] In the work of Epelbauret al. [9] numerical values are

f given for the so-called spectroscopic low-energy constants
which characterize the short-range part of the nucleon-
nucleon potential in certain low partial wave$- and
L i . o . P-wave$. The spin-orbit strength paramet€g=2W,; of in-
The double. line in Fig. 1 symbolizes this medium Insertionterest here is determined by the following linear combination
together with the assignment of the out- and in-goingyf the 3p-wave low-energy constants:
nucleon momenta+q/2. The momentum transfey is pro-
vided by the Fourier components of the inhomogeneous mat- 1 5 3 5
ter distributionsp,(r) andJ, y(r). Cs= E[ZC( Po) + 3C(°P,) = 5C(°P,)]. (7)

Next, we write down the lowest order four-nucleon

contact-coupling which generates a spin-orbit interaction: - Thjs simple relation is central to our work since it allows one

X(oXp) -(J+TsJU)}- (4)

Cs to connect the phenomenological Skyrme paraméigr
£(h]°',‘\’,):—i§{(NTVN) <(VN"X oN) =Cs/2 with the low-energy dynamics of elastic NN-
scattering.
+(VN™N) - (NToe X VN) = (N'N)(VN"- & X VN) We continue with the general form of the spin-orbit part

+ _ t in the NN T-matrix(using the sign-convention of RgfL1]).
*(N'oN) - (VN'X V N} ) For the scattering process(p)+N(-p)— N(p+q)+N(-p
This Lagrangian, together with the notati@g for the cou- -q) in the center-of-mass frame it reads:
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TABLE I. Numerical values of the spin-orbit strength paramet@f,84 for various phenomenological
Skyrme forces.

Skyrme force Sl SkM SkP Sly4-7 MSk1-6 Skl1-5

3W,/4 [MeV fm®] 90.0 97.5 75.0 93.2 87.6 92.7

T80 =[Ve Q) + 71 - mWal )i+ 05) - (@ X p). (8)  diagrams have been evaluated in Sec. 4.2 of Ref. In-

_ serting the corresponding analytical expressions\Mgfq)
Here, q is the momentum transfer. between both_ nucleons,, g W.(q) [see Eqs(22,23 in Ref. [11]] into the master
and Vsd@) and Ws{(q) denote the isoscalar and ISOVECION 1 las (9) and (10) one gets the following contributions

spin—.orbit. NN—QmpIitudes, respectively. With the help of thefrom chiral 2r-exchange to the spin-orbit strength functions:
medium insertionl'(p,q) in Eq. (4) one can now calculate

diagrammatically the nuclear energy density functional
Esd pp:Pnsdp,Jn]. From the Hartree and Fock diagrams in
Fig. 1 one obtains the following formulas for two-body con- gim,f {10 39/;;\ 4- 39,21\

3 > 62 In(1 +u?)

tributions to the isoscalar and isovector spin-orbit strength  Fg(k)?™ = —"—"—
strength functions: mM(4f )

1 2 8u
Fso(kf)(two—bod)a —_ 6{3\/50(0) + Voo(2Ks) + 3Weo(2Kr) + |:a(gi -2)- E]arctanu}, (12

1
+ f dx ){VSO(Zka)+3Wso(2ka)]}y
0

2 _
10+ 7922

9 ™ =
O ke . -

In(1+u?)

gam, | 530%
9nM(4f )4

WO0-bOo — E — —
Godl) 1222 = G{WS"(zkf) Vsd2Ki) = 3Wsdl0) + [8(2 ~ 5g7) + 8u(1 - @i)}arctanu}, (13)

1
+ f dx ){WSO(Zka) - Vso(Zka)]} .
0

(10) with the abbreviatioru=k;/m,. wherem,_=135 MeV stands
for the (neutra) pion mass. As usudl,=92.4 MeV denotes
Here, the terms V¥(0)/2 and -W(0)/2 belong to the Har- o \weak pion decay constant and we choose the vglue
tree diagram(with two closed nucleon lingswhile the re- =1 3 for the nucleon axial vector coupling constant. Note
maining ones summarize the contribution from the F(_)ck diathat we have normalized the density dependent expressions
_graml(.hav!ngjust one closed nucleon linéfter the pbwous in Egs. (12) and (13) to the value zero at zero densitl
identification _Vso(q)(d):_CS/ 2 [compare Eq(6) with EQ.  —) This way one eliminates automatically afegulariza-
(8)] one derives the following contribution of the four- jon dependentshort-range contributions which conceptu-
nucleon contact-vertex to the spin-orbit strength functions: ally belong to the low-energy constad. As stressed in Ref.
3Cs Cs [9] such a separation of long and short-distance dynamics is
Fedkp) @ =—= Gso(kf)(d)zg- (1) necessary in order to be able to compare with results ex-
tracted from realistic NN-potentials. At the next order in the
The fixed ratio of isovector-to-isoscalar spin-orbit strengthsmall momentum expansion there are-@xchange diagrams
Gsd ki) I Fsdks)=1/3 is aconsequence of the Pauli exclusion with one chiral wwNN-contact vertex. The corresponding
principle for a zero-range spin-orbit interaction. spin-orbit NN-amplitudes have been written down in Egs.
The long-range contributions to the spin-orbit NN- (13), (15), and(16) of Ref. [12]. After performing the nec-
potential arise naturally from two-pion exchange betweeressary integration and subtractionkat0 one gets the fol-
nucleons in the form of a relativistic M-correction. The lowing 2m-exchange contributions to the spin-orbit strength
corresponding lowest orderm2exchange triangle and box functions:

TABLE Il. Numerical values of the short-range spin-orbit strength paraméet&for various nucleon-
nucleon potentials. The so-called high-precision potentials are marked by an asterisk.

NN-potential Bonn-B  CD-Bonn*  Nijm-93  Nijm-I Nijm-1I*  AV-18* NNLO

3Cs/8 [MeV fm%] 80.3 89.6 79.9 82.4 87.7 88.9 7392
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2 m 100
Fsdkp) ™% = 3712’\4—(11‘#)4{ 20u%[cy + ga(5cs — 2Cz)]|nf L
— 29c, + gA(58c, — 61c,) + U gA(2c, — 5¢,) of F—(_kf)_ ___________ :
—Cyl + [5(1304 + ga(29c, - 260,)) + 20u(cy | |
£
+gA(5c, - 2c2)>] VL+uin(u+\1+09) : "

3 =
+5[Ca+ GA(Cs = 26) IN*(u+ V1 +ud)
P A

(14)
0 L L L
0 0.05 0.1 0.15 0.2
2 p [fm]
@mc)—- — T J_ 2 2
Gsdki) "= gﬂlM(4fW)4{ 20uCa + Ga(5Cs FIG. 2. The isoscalar and isovector spin-orbit strength functions

F.o(ki) and Ggy(ks) versus the nucleon densit;y=2k?/3ﬂ2. The
m; 2 dashed curves show the result of the spin-orbit contact-cougling
— + +
+67)]In —% + 29, + Ga(174c, + 61c,) and irreducible two-pion exchange Eq4.2) and (13). The full
5 curves include in addition the two-pion exchange contributions Egs.
+u¥dc, + o2 + - £(13c, + d2(7 (14) and(15) proportional toc, 4. The scale in the chiral logarithm
U4+ ga(6e, + 5¢y)] u( 34+ Gu(78C, is chosen as\=0.5 GeV.

+29c,)) + 20u(Cy + GA(5C, + 6C ] 1+
9) (€4 8a(5cs 2| 0.6 GeV(see Table | in Ref[5)). It is astonishing to observe
3 that these realistic NN-potentials which are essentially ad-
X In(u+ 1 +u?) = [cy+ ga(Cy + 6Cy)] justed to empirical low-energy NN-scattering data give num-
u bers close to those of the phenomenological Skyrme forces.
This holds in particular for the so-called high-precision NN-
potentials CD-Bonn[20], Nijm-Il [21] and AV-18 [22]
(marked by an asterisk in Table) Nvhere X5/8 comes out
very close to €s/8=90 MeV fnP. Therefore one can con-
The two occurring low-energy constarits=3.2 GeV'! and  clude that the strength of the spin-orbit interaction necessary
c,=3.4 GeV' [13] represent mainly effects frontsingley  for nuclear structure is perfectly consistent with that needed
virtual A(1232-isobar excitation. In these expressions weto describe low-energy NN-scattering data. This observation
have also introducekf—terms proportional to the chiral loga- is the one of the main results of the present work.
rithm In(m_/A) in order to guarantee finite results for ~ The recently constructed universal low-momentum
Feok) @™ and Gg(ks)?™ %) in the strict chiral limitm_,  nucleon-nucleon potentiady,,., offers another possibility to
=0. extract the short-range spin-orbit paramet€g/8. From the
Now we can turn to numerical results. In Table | we havecurvatures of thediagona) 3P-wave potentials shown in
collected values for the isoscalar spin-orbit strendif,3  Figs. 4, 18 of Ref[23] we get after multiplying the relevant
of various phenomenological Skyrme forces, $14], SkM linear combination &P,)+3(3P,;)-5(*P,) with the conver-
[15], SkP[16], Sly [17], MSk [18] and SkI[19]. In the cases sion factor 3r/8M the value &5/8=79 MeV f? from
of Sly, MSk and Skl we have performed averages over sew,,,.x. This somewhat smaller valugn comparison to the
eral (slightly differeny parameter sets Sly4-7, MSk1-6 and high-precision potentiajginds its explanation in the fact that
Ski1-5. One sees that the entries in Table | scatter somewhgie “full” NN-potential and V. differ by some local
around a mean value of aboui\g/4=90 MeV fn, which  contact-terms[24]. Indeed the numerical values of the
can therefore be considered as the empirical spin-orbitounter-terms listed in Table 1 of RgR4] give rise to an
strength relevant for nuclear structure. In Table Il we give theadditional contribution to Gs/8 of 10.4 MeV fn? which
equivalent spin-orbit strength parameteZ;38 as extracted then closes the gap to the empirical value ofs;88
from various realistic nucleon-nucleon potentials. These=90 MeV fn.
numbers have been produced with the help of Table IV in In Fig. 2 we show the isoscalar and isovector spin-orbit
Ref. [9] by forming the appropriate linear combination Eg. strength functiong=¢(k;) and G¢(k;) as a function of the
(7) of C(®Py 1 ). The last entry “NNLO” in Table I corre-  nucleon density=2k}/372 The dashed lines result from the
sponds to the chiral NN-potential of Epelbaush al. [9] average value G5/8=88.7 MeV fnt of the three high-
where the cut-off A has been varied between 0.5 andprecision NN-potentials and the lowest order irreducible

XIn?(u+ 1 +u2)}. (15)
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100 ‘ ‘ ‘ corresponds in magnitude to less than 1% of the empirical
value 90 MeV frA.
Finally, we perform the same analysis for t#¥p)?-term
o 1 in the nuclear energy density functiondty (k) (Vp)2. Its
strength functionFy(k;) is also decomposed into contribu-
GT g [Tt T T e e ! tions from zero-range NN-contact interactions and long-
= Sly range one- and two-pion exchange. From the complete set of
2 |- — four-nucleon contact-couplings written down in REF] one
£ 70 MSk gets:
- L
60 | 1
Folk) ) = (14C; + Cy- 6Cy - 3C, - 2Co~ C)
50 ‘ ‘ ‘
0 0.05 0.1 0.15 0.2 3
p I = -[6C(*Sy) + 6C(°S) ~ C(*Py) = C(°Py)
5127
i ) .
FIG. 3. The strength functioRy(k;) related to th€Vp)=-termin _ 3C(3P1) _ 5C(3P2)], 17)

the nuclear energy density functional versus the nucleon depsity
=2k?/372. The three horizontal dashed lines show the constant val-
ues Fy(ks) =[9t; - (5+4x,)t,]/64 of the Skyrme forces Sly17],

MSk [18] and SlII [14]. The dashed-dotted line gives the mean . L
value Fy(k)@=81.1 MeV frf of the three high-precision NN- where we have reexpressed the relevant linear combination

potentials CD-Bonn, Nijm-II, and Av-18. The full line includes in ©f C1, -+ ,C7 through the so-called spectroscopic low-energy
addition the Zr- and 27-exchange contributions Eqd.8) and(19).  constants. In that representation we obtain from the entries in
Table IV of Ref. [9] for the three high-precision NN-

2m-exchange contributions Eq&2) and(13). The full lines ~ Potentials CD-Bonn, Nijm-Il and AV-18 the valu (k)
include in addition the next-to-leading ordetrxchange =82.4 MeV fi?, 78.4 MeV fn? and 82.5 MeV frfi, respec-
contributions proportional to the low-energy constanjs tively. The contribution of the one-pion exchange Fock-
=3.2 GeV'andc,=3.4 GeV![13]. The scale\ in the chi-  diagram to the strength functiofy(k;) reads on the other
ral logarithm Iffm_/A) has been chosen equal to the mo-hand[8]:

mentum cut-offA=0.5 GeV of Ref.[9]. In the case of the

isoscalar spin-orbit strength functidiy(k;) one finds that

the two-pion exchange effects are relatively small and that
they also cancel each other to a large extent. In contrast to Ee (k)1 = 35gaU"7 7 2w @
this behavior the isovector spin-orbit strength function v(k) ™" = 16m.f)2| 8 2 6
= ) ; (16m.f,)"( 8u
Gsoks) gets reduced with increasing density. At nuclear . 5
matter saturation density py=0.16 fmi3 the ratio + wln(l + 4u) + 10 arctan 2
; i 3
Gsdkio) I Fso(kig) is about 1/8, substantially less than the 32u
Skyrme value 1/3. As pointed out in R¢1.9] such a reduc- 5 7
tion of the isovector spin-orbit mean-fielghroportional to + miz{i + 19 128 + 4u 96w
Vp,—V pp) is favorable for an accurate description of isotope 16M“ 4u 2 3 35
shifts in the Pb region. It seems that the isospin dependence 11
of the spin-orbit interaction is a property for which two-pion +20(2u? - 3)arctan 21 + (2— - 45
exchange induced effects can play a role in nuclear structure. u
For the sake of completeness we also note that even the 3 5
one-pion exchange Fock diagram gives rise to non-vanishing BT In(1+4u) | (, (18)

spin-orbit strength functions:

2

Lz[u—2 In(1 +4u?) - 4]. . o
(16Mf,) where we have included also the relativistic

(16) 1/M?-correction. The contributions gfowest ordey irreduc-

ible 27m-exchange to the NN-potential have been evaluated in

In order to arrive at this result one has to expand the relativRef. [11] [see Egs.(14,15 thereir. Application of the
istic pseudovectorrNN-vertex up to order IM2 As ex-  density-matrix expansion of Negele and Vauthgihas out-
pected the #-exchange contributions to the spin-orbit lined in Sec. 2 of Ref[8] leads then to the following contri-
strengths are negligibly small. For example, at a density obution of irreducible zr-exchange to the strength function
po/2=0.08 fnT3 one getst:™(k;) =-0.79 MeV fnf which  Fy(ky):

Fso(kf)(lw) == 3Gso(kf)(lw) =
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u—lO
w2 (16f )4
X1 +uln(u+ 1 +u?)[7351 - 1003 - 71g7) + 5u%(3185%; + 35029% — 1201 + 2u*(8695 — 2303 — 79)

20u* u®
+24u8(2u% - 1)(11gj — 1093 — 1)] + 2450%(71gs + 10g3 - 1) - 7(2347@4“ 280193 - 800 + 5(551 +47Q5

— 2
Fy(kp)?™ = {[245(719;1 +10g3 — 1) + 15754%(43g5 + 695 — 1) — 84*(23g5 + 295 — 1)]In%(u+ V1 +u?) + 3“

4u'®
- 7181g}) + 4uB(27gx - 2297 - 5) + 105869+ 701@3 - 6199;‘}\)} : (19

Again, in order to have a clean separation betwgegular-  Fig. 3 belowp<p,/4=0.04 fni3. It is also evident from
ization dependentshort-distance effects and genuine long-Fig. 3 that the nuclear structure phenomenology does pres-
distance contributions we have normalized this expression tently not constrain théVp)2-term as strongly as the spin-
Fy(0)*7=0. _ orbit coupling term. The existing Skyrme forces show an

In Fig. 3 we show the strength functidty (k) versus the  appreciable variation of the associated strength parameter.
nucleon denSItyp=2k?/3772 The three horizontal dashed In summary, we ana|yzed in this work the Spin-orbit cou-
lines represent the constant valueBy(k)=[9t1=(5  pling term in the nuclear energy density functional in terms
+4x,)t,]/64 of the Skyrme forces SIy17], MSk [18] and  of a zero-range NN-contact interaction and finite-range con-
SlIl [14]. The dashed-dotted line gives the mean valugributions from chiral two-pion exchange. We have shown
Fy(k)©=81.1 MeV fn? of the three high precision poten- that the strength of the spin-orbit contact-interaction as ex-
tials CD-Bonn, Nijm-1I and AV-18. The full line includes in tracted from high-precision NN-potentials agrees perfectly
addition the Ir- and 2r-exchange contributions Eqgl8)  with that of phenomenological Skyrme forces employed in
and (19). One observes a rough agreement between thesen-relativistic nuclear structure calculations. The numerical
different curves. For densitigs>0.05 fni3 our prediction results collected in Table IV of Ref9] have been essential
for Fy(k¢) exceeds the mean value of the phenomenologicah order to establish this fact. Additional long-range effects
Sly4-7 forces[17] only by about 15%. Below that density, from chiral two-pion exchange seem to play a role for the
however, a strong rise of the strength functfef(k;) sets in.  isospin dependence of the spin-orbit coupling. The ratio of
This behavior originates from the statierfexchange contri- the isovector to the isoscalar spin-orbit strength gets signifi-
bution with its inherent chiral singularity)_> which becomes  cantly reduced below the Skyrme value 1/3. Such a reduc-
dominant at extremely low densiti&gs<m_/2 [8]. Our deri-  tion is favorable for an accurate description of the isotope
vation of the strength functioRy(k;) is based on the density- shifts in Pb nucle[19]. Furthermore, we have performed the
matrix expansion of Negele and Vautherii7] which has same analysis for the strength function of {Ng)-term and
been found to become inaccurate for low and nonunifornfound values not far from those of phenomenological
densitieg25]. Therefore one should not trust the full line in Skyrme parametrizations.
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