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Density dependent hadron field theory for hypernuclei

C. M. Keil, F. Hofmann, and H. Lenske
Institut für Theoretische Physik, Universita¨t Gießen, Heinrich-Buff-Ring 16, 35392 Gießen, Germany

~Received 4 November 1999; published 12 May 2000!

The density dependent relativistic hadron field~DDRH! theory, previously introduced and applied to isospin
nuclei, is extended to hypernuclei by including the octet hyperons. Infinite matter Dirac-Brueckner theory for
octet baryons and the derivation of in-medium DDRH baryon-meson vertices is discussed. From the properties
of Dirac-Brueckner interactions it is found that hyperon and nucleon self-energies and vertices are related by
the ratios of free space coupling constants. This leads to simple scaling laws for the in-medium hyperon and
nucleon vertices. The model is applied in relativistic DDRH mean-field calculations to singleL nuclei. Free
spaceNL T-matrix results are used for the scalar vertex. As the only free parameter the hyperon vector vertex
scaling factor is adjusted to a selected set of hypernuclear data. Spectroscopic data of singleL hypernuclei over
the full mass range are well described. A reduction of theL spin-orbit splitting is found to be related closely
to the medium dependence of scalar and vector interactions.

PACS number~s!: 21.80.1a
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I. INTRODUCTION

Hypernuclei are unique in providing access to the dyna
ics of the full meson and baryonSU~3! flavor octets. Their
study is the natural extension of the isospin dynamics
nonstrange nuclei towards a more general theory of fla
dynamics in a baryonic environment. Obviously, from
QCD point of view hypernuclei are deep in the nonpertur
tive low energy-momentum regime, as are isospin nuc
Hence, a description in terms of mesons and baryons sh
be adequate. SingleL hypernuclei, produced in (K2,p2) or
(p1,K1) reactions on a nuclear neutron are the best-stud
examples. Their properties confirm that adding a unit
strangeness to an isospin nucleus indeed produces a sy
which, to a large extent, follows similar rules as isospin n
clei @1,2#. Such observations give strong evidence that
strangeness content of a hypernucleus is in fact stored
hyperon. Moreover, hypernuclear spectroscopy indicates
existence of shell structures compatible with independ
~quasi-!particle motion in a static mean field. The effectiv
potential, however, is found to be considerably more shal
than for nucleons. A natural explanation for the reduction
depth to about 50% of the nucleon value is provided
assuming that the mean-field producings and v meson
fields are not coupled to strangeness. Under these ‘‘id
mixing’’ conditions the meson-hyperon coupling shou
evolve according to the ratio of strange to nonstrange qu
in a baryon, i.e., a reduction of vertices by at least a facto
Rs,v;2/3 is expected forL and S hyperons. However, to
account for the experimentally observed decrease of the s
orbit splitting inL nuclei in such a quark counting model,
is necessary to introduce an additional quenching fac
Within a valence quark model, for example, theL2v spin-
orbit contribution is strongly reduced by introducing aL2v
tensor interaction@3–6#.

Modern approaches to hypernuclear structure use non
ativistic and relativistic microscopic descriptions. Relativ
tic mean-field~RMF! theories of Walecka-type@7# have been
applied successfully@8–10# with empirically adjusted
meson-hyperon vertices.SU(3) f-symmetric field theories in-
0556-2813/2000/61~6!/064309~14!/$15.00 61 0643
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corporating chirality @11,12# or accounting for the quark
structure of hadrons@6,13# have been formulated and applie
to hypernuclei. Extensions to still unobserved multistran
ness systems (uSu.2) have been explored and predict a ga
of binding energy when adding a few units of strangenes
an isospin nucleus@8,14–16#. The production of strangelet
in ultrarelativistic heavy ion collisions as a new form of ha
ronic matter has been postulated@17#. Using SU(3) f argu-
ments nucleon-hyperon and hyperon-hyperon interaction
free space@18–20# and in a nuclear environment@21–23#
were calculated.

In this paper, hypernuclei are described in the dens
dependent relativistic hadron~DDRH! theory, which was in-
troduced previously as an effective field theory for isosp
nuclei @24,25#. In DDRH theory the medium dependence
nuclear interactions is described by meson-nucleon vert
which are functionals of the fermion field operators. Loren
invariance, thermodynamical consistency, and covarianc
the field equations are retained. Taking the functional dep
dence of the vertices on density from infinite matter Dira
Brueckner Hartree-Fock~DBHF! calculations a practically
parameter free model Lagrangian is obtained once a
space nucleon-nucleon (NN) interaction is chosen.

A particular conceptual difference to other approache
the DDRH treatment of nonlinearities in terms of invarian
of fermion field operators. Since the baryon fields are trea
as quantum fields even in the mean-field limit a well-defin
class of quantum fluctuations with nonvanishing ground s
expectation value is taken into account@25,26#. Dynami-
cally, they contribute to the Dirac equations as rearran
ment self-energies describing the static polarization of
medium. In standard relativistic mean-field~RMF! theory
nonlinearities are attributed to higher order self-interactio
of meson fields@27#. In a mean-field approximation, meson
are treated as classical fields and fluctuations around the
sical field configurations are neglected by definition. In bu
quantities, as for example total binding energies, the diff
ences of the DDRH and the RMF approach are hardly
tectable because the DDRH rearrangement self-energies
cancelled exactly in extensive thermodynamical quanti
©2000 The American Physical Society09-1
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@25#. But in single particle quantities like separation en
gies, wave functions, and density matrices the differen
become visible@25#. DDRH coupling constants in asymme
ric matter@28# and modifications from vacuum polarizatio
@29# have been investigated.

The extension of DDRH theory to strange baryons is d
cussed in Sec. II. The theoretical formulation is kept gene
allowing us to include the lowest SU~3! baryon and meson
octets. For practical reasons, however, only strangen
neutral meson fields are taken into account at present. As
central theoretical result we derive in Sec. II B scaling la
for in-medium hyperon vertices given by an almost dens
independent renormalization of the nucleon vertices thro
the ratios of free space coupling constants. In phenome
logical RMF approaches@8,9,30#, a similar scalingansatzfor
the meson-L vertices is used but here it is obtained theore
cally. Equations of motion and the Hartree mean-field lim
are derived. In Sec. III a reduced model appropriate
single L nuclei is introduced. Since strangeness carry
mean fields can be neglected for single-L nuclei @they are of
the orderO(1/A), A being the mass number# the mean-field
equations are considerably simplified. In the applications
s coupling is taken from a theoreticalNL T matrix @18,31#
while the v coupling is determined empirically. DDRH
mean-field results for hypernuclei are presented in Sec
and compared to data and conventional RMF calculatio
Spectroscopic data are well described, showing also a
duced spin-orbit splitting inL nuclei. The paper closes wit
a summary and conclusions in Sec. V.

II. DENSITY DEPENDENT HADRON FIELD THEORY
WITH HYPERONS

A. The model Lagrangian

The derivation of a symmetry-broken physical mod
from a SU(3) f Lagrangian has been exercised in the lite
ture, e.g., in Ref.@32#. However, in order to describe nucle
structure phenomena for spin saturated and rotationally s
metric systems one finds that most of theSU(3) f structures
are actually not contributing in RMF prescription. The re
son is obvious because parity conservation inhibits the
pearance of condensed pseudoscalar fields in this c
Hence, neither of the 02 meson fields contributes directly t
a hypernuclear calculation for the case of a single hype
moving in the field of a 01-core nucleus. Those contribu
tions of pseudoscalar mesons arenot simply neglected in the
calculations~since they are fairly important! but rather taken
into account effectively via the modified in-medium co
plings ~see Sec. II B!. From the 12 vector meson octet con
densed isoscalarv and isovectorr meson fields will evolve.
In a system with a large fraction of hyperons condensed o
K* fields can also appear. However, an apparent shortc
ing of a pureSU(3) f approach is the missing scalar meso
and, hence, absence of a binding mean field. A satisfac
description of the 01 meson channels, e.g., in terms of d
namical two-meson correlations@18,31#, is an unsolved
question.

Here we follow the line of relativistic mean-field theor
@7# and restrict the model to the degrees of freedom wh
06430
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are relevant for the nuclear structure problem. In practice,
use the DDRH Lagrangian@25# which is extended in the
baryon sector by including the lowestS521 ~L,S! and S
522 ~J! baryons. We introduce the flavor spinorCF

CF5~CN ,CL ,CS ,CJ!T, ~1!

composed of the isospin multiplets

CN5S cp

cn
D , CL5cL ,

CS5S cS1

cS0

cS2

D , CJ5S cJ0

cJ2
D , ~2!

wherec i are Dirac spinors. The full Lagrangian is structur
in an isospin symmetric way. In the exchange particle sec
the isoscalars, ss ~[scalarss̄ condensate!, v andf meson,
the isovectorr meson, and the photong are included. This
leads to the Lagrangian

L5LB1LM1Lint

LB5C̄F@ igm]m2M̂ #CF

LM5
1

2 (
i 5s,ss

~]mF i]
mF i2mi

2F i
2!

2
1

2 (
k5v,f,r,g

S 1

2
F (k)2

2mk
2A(k)2D ~3!

Lint5C̄FĜs~C̄F ,CF!CFs2C̄FĜv~C̄F ,CF!gmCFvm

2
1

2
C̄FGŴ r~C̄F ,CF!gmCFrW m1C̄FĜss

~C̄F ,CF!CFss

2C̄FĜf~C̄F ,CF!gmCFfm2eC̄FQ̂gmCFAm,

where LB and LM are the free baryonic and meson
Lagrangians, respectively, and the meson-baryon interact
are contained inLint . The diagonal matrixM̂ contains the
free-space baryon masses, and

Fmn
(k)5]mAn

(k)2]nAm
(k) ~4!

is the field strength tensor of either the vector mesons~k
5v,f,r! or the photon~k5g!. In Eq. ~3! contractions of the

field strength tensors are abbreviated asF25FmnFmn, etc.Q̂
is the electric charge operator.ss and F meson fields are
included mainly for reasons of completeness. The co
sponding classical, condensed fields will be important o
when treating systems with more than one unit of stran
ness. Already inL2L-nuclei strange mesons should be i
cluded to reproduce the empirical strongly attractive pairin
force betweenL’s @33#. For singleL nuclei, however, they
should be negligible@O(1/A)#. Lagrangians of a similar
9-2
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structure, but with constant meson-baryon vertices, are u
successfully in relativistic mean-field calculations of hyp
nuclei, see, e.g.,@8,9#.

An isospin symmetric interaction is obtained with vertic
chosen as

~ Ĝa!BB85GaBdBB8 , a5s,ss ,v,f

~GŴ r!BB85GW rBdBB8 , GW rB5GrBtWB

for B,B85N,L,S,J, ~5!

wheretWB are the isospin Pauli matrices. In DDRH theory t

vertices GaB5GaB(C̄,C) are taken as functionals of th
baryon field operators@24,25#.

B. Baryon-baryon vertices from Dirac-Brueckner theory

In order to understand the subtleties of including bary
baryon (BB) correlations in a field theory of a higher flavo
content we briefly sketch the derivation of the verticesG
from Dirac-Brueckner theory. The main outcome of the d
cussions is that nucleon and hyperon dynamics should
related to a good approximation by simple scaling laws.

A Lagrangian of the type defined above leads to a lad
kernel VBB8(q8,q) given in momentum representation by th
superposition of one boson exchange~OBE! potentials

Va
BB8(q8,q). The latter are Lorentz invariants,

Va
BB8~q8,q!5gaBgaB8Da~ t !^ūB1~q8!kauB3~q!&

•^ūB28~2q8!kauB48~2q!&, ~6!

where t5(q82q)2 is the four-momentum transfer, andka
denotes the Dirac and flavor structure of the vertex with b
coupling constantsgaB and gaB8 for baryonsB and B8 be-
longing to different isospin multiplets. The Dirac spinors a
indicated byuB(q). Contractions over Dirac and flavor ind
ces are indicated by the notationka•ka. At this point the full
spectrum of octet-mesons should be taken into accou
irrespective of whether they lead to condensed class
fields or not—because we are dealing with the in-medi
BB8-scattering amplitudes. Working in theBB8 center-of-
momentum frameq andq8 denote the relative four-moment
in the in- and outgoing channels (B3 , B48) and (B1 , B28),
respectively, where2q5(q0 ,2q).

Solving the Bethe-Salpeter equation with the ker

VBB85(aVa
BB8

R BB8~q8,q!5VBB8~q8,q!1E dk VBB8~q8,k!QF
BB8~k,q!

3R BB8~k,q! ~7!

leads to the in-medium interactions R BB8

5^k1
B(q8)k2

B8(2q8)uR(kF
B ,kF

B8)uk3
B(q)k4

B8(2q)&. The Pauli-
projected intermediate two-particle propagation, denoted
GQF(BB8), introduces an intrinsic dependence on the Fe
06430
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momenta (kF
B ,kF

B8). Dependencies on the~conserved! total

center-of-mass energys5(k3
B1k4

B8)2 are implicit. Evaluat-
ing Eq.~7! with self-consistent in-medium spinors, includin
the self-energiesSB(k), introduces additional medium de
pendencies.

In structure calculations theG matricesR BB8 are required
in the nuclear matter rest frame rather than in the two-bo
c.m. system. In practice, the transformation is achieved
projection on the standard set of scalar (S), vector (V), ten-
sor (T), axial vector (A), and pseudoscalar~P! Lorentz in-
variants@34–36#. For our purpose, however, a more conv
nient representation is obtained by forming appropriate lin
combinations of the so obtained coefficients and to map
set (S,V,T,A,P) onto the vertices of OBE interactions, E
~6!. This allows us to express the (BB8) G matrices, Eq.~7!,
in terms of renormalized OBE interactions,

R a
BB8~q8,q!5za

BB8~s,t,uukF
BkF

B8!gaBgaB8Da~ t !

3^ūB1~q8!kauB3~q!&

•^ūB28~2q8!kauB48~2q!&. ~8!

The vertex invariants have been decomposed further into
son propagatorsDa(t) and renormalization coefficientszBB8

which both are Lorentz invariants. From this representatio
is apparent that correlations are shifted into the vertex fac
zBB8. In principle, they may depend on the full set of Ma
delstam variabless, t, andu and the Fermi momenta of bary
onsB andB8. However, most of thet dependence is alread
accounted for by the meson propagatorDa(t) and consider-
ing the mild variation of DBG matrices on the center-of
mass energy thez coefficients can be expected to depe
mainly on the Fermi momenta. If necessary, theu depen-
dence can be removed to a large extent by adding a t
proportional toDa(u), i.e., introducing antisymmetrization
explicitly. Note that antisymmetrization effects contribu
only to states within the same isospin multiplet, i.e.,B5B8.
The self-energy of baryonB, however, includes contribution
from all multiplets:

^ūB~k!kauB~k!&Sa
B~kukF!

5(
B8

E
KF

B8
d4q@Tr„^kBqB8uR BB8ukBqB8&SF

B8~q!…

1dBB8^k
BqB8uR BB8uqBkB8&SF

B8~q!#, ~9!

where the spacelike integration extends over the Fe

spheresKF
B8 of baryonsB8 with in-medium~positive energy!

propagatorsSF
B8(q) and kF5(kF

N ,kF
Y) denotes the set o

nucleon and hyperon Fermi momenta.
A particularly appealing aspect of Eq.~8! is that thez

coefficients can be considered as medium-dependent re
malization factors of the OBE vertices. Exploiting the fa
that theSU(3) f isospin multiplets are not mixed by stron
interactions we are allowed to assume separability
9-3
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za
BB8~k,qukF

B ,kF
B8!.sa

B~kF
B!sa

B8~kF
B8!, ~10!

and to neglect the~weak! residual momentum dependenc
As a consequence,

gaBza
BB8~k,q!gaB8.GaB~kF

B!GaB8~kF
B8! ~11!

where

GaB~kF
B![gaBsa

B~kF
B! ~12!

defines the renormalized in-medium vertices in the lad
approximation. We introduce the antisymmetrized co
densed Dirac Hartree-Fock~DHF! meson fields

fa~kukF ,G!5(
B8

GaB8Da~0!

3E
KF

B8
dq Tr„^ūB8~q!kauB8~q!&…

1(
m

E
KF

B
dq famGmBDm~k2q!

3^ūB~q!kauB~q!&, ~13!

where f am denotes the Fierz matrix@35,37# and G
5(GN,GY). With our choice of momentum independent, gl
bal vertices, Eq.~9! takes then the approximate form

Sa
B~kukF

N ,kF
Y!.GaB~kF

B!fa~kukF
N ,kF

Y ,G!. ~14!

This equation establishes the link to the DDRH Lagrangi
In the DHF approximation self-energies of the same struc
are obtained from Eq.~3!. Comparing Eq.~13! and Eq.~14!
it is also seen that strange and pseudoscalar mesons co
ute only via theu-channel exchange diagrams to the se
energies in a parity conserving and time-reversal invar
system. A distinct role, however, is played by the mean-fi
producing 01 and 12 mesons because they give rise to co
densed classical fields in the ground state. Hence, at
stage we reduce the meson spectrum to the 01 and 12 sub-
set. This implies a redefinition of thea5s,v,r,d vertex func-
tions as indicated by Eq.~14!.

In order to derive a self-contained model we apparen
have to introduce a ‘‘renormalization’’ scheme. This
achieved by choosing symmetric hypermatter, i.e.,kF

N5kF
Y

5kF . Writing down for that case Eq.~14! for nucleons and
hyperons explicitly one finds

GaY~kF
Y!5GaN~kF

Y!
Sa

Y~kukF!

Sa
N~kukF!

U
k5kF ,k

F
N5k

F
Y

, ~15!

which is exact in Hartree approximation. The above relat
is the central result of this section. The obvious medi
dependencies introduced in Eqs.~9! and~14! by the external
baryon lines are eliminated such that the intrinsic medi
properties of the underlying interactions are projected o
This is seen more clearly by considering the diagramm
06430
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structure of the DB self-energies@34,35#. The leading order
~Hartree! contribution is given by tadpole diagrams and fro
a perturbation series expansion in the bare coupling c
stantsgaB

Ra
Y5

Sa
Y

Sa
N

.
gaY

gaN
S 11OS 12

MN

MY
D D1•••, ~16!

where the realistic casegaY,gaN is considered. Hence, th
Ra

Y are expected to be state-independent, universal cons
whose values are close to the ratios of the bare coup
constants. For asymmetric matter with a hyperon fract
zY5rY/rN!1 a corresponding diagrammatic analysis sho
that asymmetry terms are in fact suppressed because
asymmetry correction is of leading second ord
O@„(gY /gN)zY…

2). Thus, even in a finite nucleus wherezY

may vary over the nuclear volume, we expectRa
Y5const to a

very good approximation.
In fact, these results agree with the conclusions dra

from the analysis of single hypernuclei in the past. In t
present context, Eqs.~15! and ~16! are of particular interes
because they allow us to extend the DDRH approach i
theoretically meaningful way to hypernuclei using the resu
available already from the previous investigations of syste
without strangeness. In the applications discussed below
nucleon ~Hartree! scalar and vector vertex function
Gs,vN(kF) of @25# will be used. The hyperon scaling facto
Ra

Y are treated as phenomenological constants to be d
mined empirically. In the scalar channel information onRs

Y

available from recent calculations of the Ju¨lich group for the
free NL T matrix @18,31# is taken into account leaving es
sentially the ratioRv

Y/Rs
Y for Y5L as the only free param

eter.
We close this section by remarking that Eq.~14! actually

defines a set of quadratic equations for the verticesGaB , as
seen immediately when inserting Eq.~13! into Eq.~14!. Ver-
tices derived in this way would be appropriate for DDR
calculations in Dirac-Hartree Fock approximation. From t
s2v model it is known that DHF and relativistic Hartre
calculations give almost indistinguishable results for pro
erly adjusted parameters@7#. In the following we take advan-
tage of that observation and, as in@25#, restrict the calcula-
tions to the Hartree case only. This corresponds
determining the DDRH vertices by expressing theFa fields
on the right-hand side of Eq.~14! in Hartree approximation.

C. The equations of motion

In DDRH theory the above results are embedded int
relativistically covariant and thermodynamically consiste
field theory from which the vertices are retrieved wh
evaluated in mean-field approximation. As discussed in@25#
the kF dependence of the DB vertices is expressed in te
of Lorentz-scalar~products of! bilinear formsr̂ of the bary-
onic field operatorsCF . This provides a unique mapping o
the medium dependence onto frame-independent Lor
scalar quantities. The external Dirac structure of the verti
is fully determined by the Lorentz character of the mes
9-4
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field. The intrinsic density dependence must be dedu
from microscopic calculations as discussed in the previ
section. As an obvious generalization of theansatzused in
@25# the DDRH vertices are expressed here as

G5GaB„r̂aB~C̄F ,CF!…,

a5s,ss ,v,f,r, B5N,L,S,J, ~17!

where r̂aB denotes a Lorentz-scalar combination of t
baryon field operators.

By definition the DB verticesGaB
DB(kF) arec-number val-

ued functions of the Hartree or Hartree-Fock expectat

value of r̂aB
DB . From a general theoretical point of view th

DDRH verticesGaB( r̂aB) are not necessarily restricted
this particular subclass of diagrams. Formally, a project
onto DB correlations is defined by the mapping@25#

GaB~ r̂aB!5E
0

`

GaB
DB~ r̂aB

DB!d~ r̂aB
DB2 r̂aB!dr̂aB

DB . ~18!

In the following a straightforward extension of the vect
density dependence~VDD! prescription of Ref.@25# will be
used. This corresponds to theansatz

r̂aB@C̄F ,CF#5C̄FB̂m
aBgmCF , ~19!

and chosing (B̂m
aB)B8B95um

BdBNdB8NdB9N with um
B a four-

velocity ~see@25#!. We thus findr̂aB5Aj m
B j Bm and by means

of Eq. ~18! a Taylor series expansion of the DDRH vertex
terms ~of the modulus! of only the respective baryon four

vector current is obtained. Exactly that choice ofB̂m
aB is a

practical implementation of the results obtained in Sec. II
This shows that the DDRH approach in fact corresponds
expressing many-body correlations by an expansion of
tices into baryonn-point functions chosen such that
ground state expectation values correlation diagrams of
fully interacting theory are cancelled by compensating ter
in the DDRH expansion.

As pointed out already in Ref.@25# the most important
difference between DDRH and RMF theory is contributio
from rearrangement self-energies to the DDRH baryon fi
equations. Rearrangement self-energies account physi
for static polarization effects in the nuclear medium, canc
ling certain classes of particle-hole diagrams@26#. Due to the
additional strangeness degree of freedom the structur
these rearrangement self-energies is much more com
than in the purely nucleonic DDRH theory. The variation
derivative ofLint now leads to

dLint

dC̄F

5
]Lint

]C̄F

1 (
a5s,ss ,v,f,r

B5N,L,S,J

]Lint

]r̂aB

dr̂aB

dC̄F

. ~20!

With S(r )aB[]L/]r̂aB one finds
06430
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S(r )aB5C̄F

]Ĝa~C̄F ,CF!

]r̂aB

CFFa

5
]GaB~ r̂aB!

]r̂aB

Far̂s
B , a5s,ss , ~21!

S(r )aB5C̄F

]Ĝa~C̄F ,CF!

]r̂aB

gmCFFm
a

5
]GaB~ r̂aB!

]r̂aB

Fm
a ĵ B

m , a5v,r,f, ~22!

where ĵ m
B and r̂s

B are the vector current operator and t
scalar density operator of baryon typeB, respectively. The
rearrangement self-energy thus is given by

Ŝ (r )5Ŝm
(r )gm, ~23!

Ŝm
(r )52(

a,B
S(r )aBB̂m

aB, ~24!

where the sums in Eq.~24! are those appearing in Eq.~20!.
The usual self-energies@7# are given through

Ŝs
(0)5Ĝss1Ĝss

ss, ~25!

Ŝ (0)m5Ĝvvm1Ĝffm1GŴ rrW m1eQ̂Am, ~26!

where theĜF are those defined in Eq.~5!. Thus, the total
baryon self-energies are finally obtained as

Ŝs5Ŝs
(0) , Ŝm5Ŝ (0)m1Ŝ (r )m. ~27!

Here, theĜa are diagonal matrices containing the flavor d
pendent vertices. However, in structure the baryon fi
equations remain unchanged

@gm~ i ]m2Ŝm!2~M̂2Ŝs!#CF50. ~28!

D. Mean-field theory

A solvable model is obtained in the Hartree mean-fie
approximation which amounts to assuming that products
fermion operators are normal ordered with respect to
Hartree ground stateu0&, given by a single Slater determinan
of occupied fermion states. Expectation values with resp

to the Hartree ground state will be abbreviated as^Ô&

[^0uÔu0&. In the Hartree approach the vertex functiona

GaB( r̂aB) can be treated in a particularly simple way. A
plying Wick’s theorem one gets@25#

^GaB~ r̂aB!&5GaB~raB!, raB[^r̂aB&, ~29!
9-5
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which brings the originally highly nonlinear field equation
into a tractable form. Correspondingly the rearrangem
contributions are obtained as

K ]GaB~ r̂aB!

]r̂aB
L 5

]GaB~raB!

]raB
. ~30!

In the approximation as static classical fields the meson fi
equations reduce to

~2¹21ma
2 !Fa5 (

B5N,L,S,J
GaB~rFaB!rs

B , a5s,ss ,

~31!

~2¹21ma
2 !Fa

m5 (
B5N,L,S,J

GaB~rFaB! j Bm, a5v,f,

~32!

~2¹21mr
2!rW m5 (

B5N,L,S,J
GW rB~rrB! jWBm. ~33!

The Dirac equation for the baryons remains the only eq
tion of motion for an operator field, with dynamics give
now by static but density-dependent self-energies

@gm„i ]
m2Ŝm~r!…2~M̂2Ŝs!#CF

MF50. ~34!

In finite nuclei, wherer5r~r !, S~r!5S~r ! depends on the
spatial coordinates.

III. THE LÀN MODEL

In order to test the scaling relation derived in Sec. II
existing hypernuclear data a model withL hyperons and
nucleons interacting only by nonstrange mesons will be
cussed. Naive quark counting suggests that even forL2L
interactions the strange mesons only contribute about 10%
the interaction strength. Since empirical results strongly c
tradict this estimate@33# and experimental data are deficie
for determining, e.g.,GfB andGssB

in a satisfactory way we
will restrict ourselves to single-L nuclei. Keeping in mind
the large uncertainties in the hyperon-nucleon and hype
hyperon interactions the exchange of strange mesons ca
safely absorbed in theL2s and theL2v vertices in this
case. We will use the extended VDD prescription introduc
in Sec. II C with a density-independentN2r coupling,
which leads to rather satisfactory results for isospin nu
@25#.

A. L-meson interaction

Due to the simple interaction structure ofL hyperons—
the L’s are isoscalar and electrically neutral and thus cou
neither to ther meson nor to the Coulomb field—the inve
tigation of theL–nucleon interaction becomes rather tran
parent in this model. Assuming that thess and thef meson
are puress̄-states and therefore mainly couple to the stran
06430
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quark~due to OZI suppression!, they will have no significant
effect in single-L hypernuclei and can thus be safely n
glected.

According to Sec. II B the density dependent vertices
the L2N model are given by

GsL5Rs•GsN~ r̂L!,

GvL5Rv•GvN~ r̂L!,

r̂L5 r̂sL5 r̂vL5A ĵ m
L ĵ Lm, ~35!

whereRs,v from now on denotesRs,v
L . The values forRs,v

will be determined in Sec. III C. The parametrizations of t

nucleon-meson verticesG iN( r̂N) are taken from@38#. Nu-
merically a fit with a second order polynomial inkF to the
vertices derived in@39# from nuclear matter DBHF self-
energies is used.

B. L rearrangement dynamics

The considerations of Sec. III A define the dynamics
the L-nucleon system, i.e., the usual and the rearrangem
self-energies can now be specified. Going to the nuclear

frame, the arguments of the vertex functionals,r̂aB , are now
defined as in Eq.~19! with

B̂m
B5B̂m

sB5B̂m
vB5S ûm

NdNB 0

0 ûm
LdLBD ~36!

and ûm5(1,0,0,0). This leads to the rearrangement se
energy

Ŝm
(r )5 (

B5N,L
C̄FF ]Ĝs

]r̂sB

s2
]Ĝv

]r̂vB

gnvnGCFB̂m
B , ~37!

where the nucleon andL parts are given explicitly by

Sm
(r )B5F ]GsB~ r̂0

B!

]r̂0
B

sr̂s
B2

]GvB~ r̂0
B!

]r̂0
B

vn ĵ n
BGum

B ~38!

andB5N,L vertices depend intrinsically only on their ow
densities, as derived in Sec. II B.

C. The vertex scaling factors

A consistent extension of the DDRH theory to strangen
requires using vertex functionals from DB self-energies c
culated in the complete octet sector. However, since suc
full scale calculation is neither available nor feasible und
the present conditions, we choose a semiempirical appro
combining existing theoretical information on theL2s ver-
tex with a phenomenological description of thev vertex
scaling factor.

Actually, an extension of the Bonn potential to the fr
N2L system already exists@18,31#, but DB calculations are
pending. We use the extended Bonn-A potential as a guide-
9-6
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line to determine the relative couplingsRs andRv . This is
consistent with the approach used in the isospin sector
cause the nucleonic DDRH parameters also were der
from the Bonn-A potential@25#. Because the DB interaction
include highly nonlinear and nonperturbative correlation
fects the quark model reduction factorRq52/3 is not ex-
pected to be adequate for hypernuclear structure studies

Clearly, the final decision on the permissible (Rs ,Rv)
pairs is obtained from a comparison to data. In Fig. 1 thex2

deviations of calculated and measuredL single particle spec-
tra are shown. Varying freely theRs andRv scaling factors,
DDRH single particle energies forL

208Pb, L
89Y, L

51V, L
40Ca,

L
28Si, L

16O, L
12C, and L

9 Be were compared to data deduc
from (p,K) @40–44# experiments. With precise measur
ments resolving spin-orbit doublets to high accuracy suc
procedure would, in fact, allow us to fix both the scalar a
vector scaling factors unambiguously because the cent
and splitting energies are determined by the difference
sum of the scalar and vector mean-field components, res
tively.

Unfortunately, under the present experimental conditio
doublets are not resolved energetically. Typically, spin-o
splittings are deduced rather indirectly, e.g., by a line sh
analysis@45# which only allows us to set constraints on th
energy splitting of spin-orbit partners. The consequence
these experimental uncertainties for a theoretical analysis
clearly seen in Fig. 1: Thex2 distribution is characterized b
a sharp deep valley, which is already known from Re
@8,16#. The valley extends between (Rs ,Rv)5(0.1,0.1) and
(Rs ,Rv)5(0.8,0.9) and any (Rs ,Rv) pair in this region
would describe the data almost equally well. The qu
model value pairRs5Rv5Rq (Rq5 2

3 ) is seen to be located
at the ridge of the valley. These results clearly illustrate
necessity of high resolution measurements which may
come possible in the near future with a new generation
detection systems.

The best known case is probably the (1p3/2,1p1/2) split-
ting in L

13C. A single data point is available from measur

FIG. 1. x2 distribution for the deviation of DDRHL single
particle energies and hypernuclear data„obtained in (p,K) reac-
tions @40–44#…. In the calculations, the scalar and vector vert
factors (Rs ,Rv) were varied freely.
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ments at Brookhaven in 1981@45# from which DE5(0.36
60.3) MeV was deduced. In thex2 procedure this constrain
only excludes extreme values ofRs andRv that are already
ruled out by the systematics of hyperon binding energies~see
also Sec. IV C! anyway. Despite the large uncertainties t
data seem to favor a smallL spin-orbit splitting. Very recent
measurements at AGS/E929@46# apparently confirm this
conclusion.

In order to remain as close as possible to the microsco
DDRH picture we use

Rs50.490, ~39!

which was extracted by Haidenbaueret al. @31# for a sharps
meson of massms5550 MeV. Because in@18,31# the sca-
lar meson channels were described by the correlated
change of pion and kaon pairs the scalar coupling also
cludes admixtures of ass;ss̄ field as relevant for theL
couplings. Since theoretical values for thev vertex are not
available Rv is treated as a phenomenological parame
From Fig. 1 and the above value ofRs one finds immedi-
ately

Rv50.553. ~40!

In a constant coupling RMF model by Maet al. @30# for the
same value ofRs a relativev couplingRv50.512 was ob-
tained. Considering the quite different DDRH interactio
structure the deviation is only apparent and, in fact, a s
prisingly good agreement can be stated. Moreover, our r
tive couplings are also consistent with bounds on hyper
nucleon couplings extracted from neutron star models@9,47#.

Very likely, most of the deviations ofRs and Rv to the
quark model value of 2/3 are caused by the highly nonlin
contributions from the dynamically generateds and ss ex-
change channel in@18,31#. These genuine many-body effec
superimpose additional contributions from the expli
SU(3) f symmetry breaking andv2f octet-singlet mixing
on the fundamental strong interaction level. Obviously,
these effects cooperate in the same direction, namely to
duce deviations from the limiting values predicted by ex
SU(3) symmetry. Apparently, the attempt to represent
rather involved dynamics of the scalar channel by a sin
meson of sharp mass implies an effective vector field
compensating repulsive strength. As a consequence, ne
of them can be expected to resemble the properties of
respective bare physical meson.

In SU(3)-symmetric models explicit symmetry breakin
must be introduced in order to reproduce hypernuclear sp
tra, e.g., by a symmetry breaking term in the Lagrangian
in the generalized chiralSU(3) s-model@12# or by means of
vertex scaling factors as in the quark-meson-coupl
~QMC! model @6#. Because of the close similarity of th
QMC and our approach it is instructive to compare to t
results of Ref.@6#: For Rs5Rq , Rv has to be rescaled by
factor of 0.93, whileRv5Rq requires us to multiplyRs by
1.10. As can be extracted easily from Fig. 1, forRs5Rq we
would get Rv5Rq30.97, and,vice versa, for Rv5Rq we
find Rs5Rq31.15. A specialty of the QMC is a tenso
9-7
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coupling term arising from the quark-structure of the baryo
which keeps theL spin-orbit splitting extremely small al
though theSU(3) couplings are rather large.

IV. RELATIVISTIC HARTREE DESCRIPTION
OF SINGLE L HYPERNUCLEI

Relativistic DDRH Hartree theory and applications
isospin nuclei were discussed in great detail in Ref.@25# and
the references therein. Here, we present DDRH results
for single L hypernuclei. The numerical realization follow
closely Ref.@25#, namely the meson fields are described
Eqs. ~31!–~33! and baryonic wave functions are obtain
from Eq. ~34!. The nucleon-meson coupling functionals a
those of@39#. The model parameters are compiled in Table

A. Density dependentL vertices in finite nuclei

Numerically, DDRH calculations rely on baryon-meso
vertices taken from infinite matter DB interactions which a
applied to finite nuclei in local density approximatio
~LDA !. The success of DDRH theory in describing isosp
nuclei is closely related to the saturation properties
nuclear densities from which it is clear that infinite mat
conditions are approached gradually with increasing m

TABLE I. Model parameters of the density depende
L–nucleon model.

i 5N i5L

mN 939.0 MeV
gsii

2 ~r50!

4p
26.027 6.249

mL 1115.0 MeV
gsii

2 ~r5r0!

4p
6.781 1.628

ms 550.0 MeV
gvii

2 ~r50!

4p
40.240 12.287

mv 782.6 MeV
gvii

2 ~r5r0!

4p
9.899 3.022

mr 770.0 MeV
grii

2

4p
1.298 0.000
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number. Under such conditions the LDA is likely to be
rather reliable approach. For light nuclei or, as in singleL
nuclei, small fractions of a specific baryon species with
spect to the bulk components effects from the finite size
finite particle number could limit the applicability.

The variation in the effective coupling strengths over t
mass table is illustrated in the upper graph of Fig. 2 for
singleL hypernucleiL

9 Be, L
16O, and L

208Pb. The lower graph
of Fig. 2 displays the vector densities for 1s1/2L states. In the

FIG. 2. The radial variation of the DDRHL-meson vertices
Gs,v ~upper graph! and of the vector densities~lower graph! for
1s1/2 L states in light and heavy nuclei. Results for the singleL
hypernuclei L

208Pb ~solid line!, L
16O ~short-dashed line!, and L

9 Be
~long-dashed line! are displayed.

t

ingle
TABLE II. Comparison of theL and neutron central and central rearrangement potential depths for s
L hypernuclei.

L
208Pb L

89Y
L N L N

Central 231.7 MeV 281.5 MeV 231.8 MeV 285.3 MeV
Central rearrangement 1.4 MeV 9.3 MeV 2.0 MeV 8.6 MeV
S 230.3 MeV 272.2 MeV 229.8 MeV 276.7 MeV

L
40Ca L

16O
L N L N

Central 231.6 MeV 290.6 MeV 228.9 MeV 286.5 MeV
Central rearrangement 2.3 MeV 10.1 MeV 2.5 MeV 8.6 MeV
S 229.3 MeV 280.5 MeV 226.4 MeV 277.9 MeV
9-8
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light nuclei the coupling decreases rapidly towards
nuclear center while in lead the DDRH vertices are alm
constant. The behavior follows closely the density distrib
tions of the 1s L states. Their radial extensions are det
mined by the size of the mean field produced by the nuc
core. Of particular interest is the variation of the vertex fun
tionals with nuclear mass. Apparently, the global density
pendence of the infinite matter DB couplings transforms
finite nuclei effectively into a pronounced mass number
pendence of the DDRH vertices. From these results it is c
that a complete test of the medium dependence is only
tained in calculations over a wide mass range. Light hyp
nuclei will be most appropriate to study those vertex pa
depending explicitly on the density while heavy nuc
mainly provide information on hyperon interactions at
saturated density. This also points to possible limitations
the present model: the use of LDA vertices may lead to
certainties in light nuclei where a particular sensitivity on t
transition to free space conditions appears.

B. Structure of the L mean-field

An appropriate way to understand hypernuclear dynam
and to compare to other calculations is to consider
Schrödinger-equivalent potentials given in lowest order

FIG. 3. Comparison of the Schro¨dinger-equivalentL and neu-
tron central potentials including rearrangement. Results forL

208Pb
and L

16O are shown in the upper and lower part of the figure, resp
tively. The L and neutron potentials are of a similar shape
different depth.
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the difference and~the gradient of! the sum of the relativistic
scalar and vector mean fields for the central and the s
orbit potentials, respectively@25#.

It is obvious that the scalar and vector fields scale acco
ing to the L-meson coupling. Similar to other approach
and in agreement with empirical analyses the Schro¨dinger-
type DDRH L-nucleus potential is reduced by a factor
0.35 to 0.4 compared to the nucleon potential. Results
displayed in Table II and Fig. 3. Since binding energies
reduced accordingly already the wave functions of the de
est boundL states are spread over a large part of the nuc
volume resulting in a sensitivity to the complete surround
density structure. Table III, showing the rms radii ofL, neu-
tron, and proton states in the hypernucleiL

40Ca and L
208Pb,

illustrates this effect. In Fig. 4 the conventional central a
the rearrangement centralL potentials for light to heavy nu-
clei are displayed. It is clearly seen that the rearrangem
polarization effects are most important in the surface do
nated light nuclei. Still, the rearrangement self-energies p
only a minor role for singleL hypernuclei since they are
weighted by theL vector density@see Eqs.~21!, ~22!# which
is obviously fairly small. The more important effect of th
density dependent treatment arises in hypernuclei thro
the nuclear core creating theL’s mean-field potentials. The
density dependence of the nucleon vertices modifies the

c-
t

FIG. 4. Mean-field potentials for singleL hypernuclei. The low-
est order Schro¨dinger-equivalent conventional potential~solid line!
and rearrangement potential~dashed line! are shown. It is clearly
seen that the polarization effects described effectively by the r
rangement potential are most important for light nuclei.

TABLE III. The rms radii of the first orbital momentum state
for L’s, neutrons, and protons inL

40Ca andL
208Pb.

L
40Ca L

208Pb
L n p L n p

1s1/2 2.8 fm 2.3 fm 2.4 fm 4.1 fm 3.8 fm 3.9 fm
1p3/2 3.5 fm 3.0 fm 3.0 fm 4.8 fm 4.5 fm 4.6 fm
1p1/2 3.6 fm 3.0 fm 3.0 fm 4.7 fm 4.4 fm 4.5 fm
1d5/2 4.7 fm 3.5 fm 3.6 fm 5.3 fm 5.0 fm 5.1 fm
1d3/2 6.3 fm 3.6 fm 3.7 fm 5.2 fm 4.9 fm 5.0 fm
9-9
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density distribution over the whole nuclear volume@25#,
thereby directly affecting theL mean field. Since the poten
tial shape and strength is reflected in single particle ener
and wave functions aL acts as an external probe providing
global measure of the core properties.

C. Single particle states

Hyperon single particle spectra foruSu51 hypernuclei
can be seen as a very clean fingerprint of this nucleus, si
as discussed in the last section, they are almost undistu
by many-body effects. Besides the bulk structure, which c
tains information on the mean field, i.e., the nucleonic d
sity distribution, the spectra yield information also on oth
correlations of the baryonic interaction, carried by the fi
structure.

L and neutron single particle levels for light to hea
nuclei are compared in Figs. 5 and 6. Two major differen
between the nucleonic and theL spectrum are detected:

~1! L and neutron single particle spectra are overall
lated by a constant shift and an additional quenching fa
because theL central potential has a depth of only abo
230 MeV, compared to270 MeV for the neutrons~see also
Fig. 3 and Table II!.

FIG. 5. DDRHL single particle spectra in light to heavy hype
nuclei.

FIG. 6. DDRH neutron single particle spectra in light to hea
hypernuclei.
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~2! The spin-orbit splitting of theL states is reduced fur
ther to less than is expected from the overall quenching
the potential strength.

The reason for the smaller spin-orbit splitting is unde
stood by considering the evolution with increasing ma
number. In Fig. 7 the spin-orbit splitting ofL states for sev-
eral nuclei across the whole mass range is shown. It can
seen clearly that the splitting drops as expected for hig
masses since it has to go to zero in the nuclear matter li
The splitting also drops in the low mass region, since
spin-orbit doublets approach the continuum threshold and
compressed before one of them or both become unbo
This is a remarkable similarity to the situation found
weakly bound neutron-rich exotic nuclei@49#.

For exactly this reason the data point of theL
13C 1p shell

splitting is, though the absolute error is not that large, only
little use to further constrain the relative couplingRv ~see
Sec. III C!. Because the low mass hypernuclei are system
cally underbound with our standard choice forRs,v the spin-
orbit splittings for L

13C and L
16O are determined with a read

justedRv50.542.1 Since the spin-orbit splitting data com
from a different measurement than the separation energie
Fig. 8, to whichRv was adjusted, a somewhat larger dev
tion is found. Attempts to reproduce theL

13C L-1p shell
splitting resulted in unrealistically small values ofRs and
Rv .

The explanation of the spin-orbit quenching is actua
found in the overlap of theL single particle wave functions
and the spin-orbit potential. As seen from binding energ
and confirmed by the rms radii ofL states shown in Table III
and Fig. 9 they are much less localized than nucleonic st

1With this slightly modifiedRv50.542 the spectra of the low
mass hypernuclei are actually nicely described; See Sec. IV D
Fig. 8.

FIG. 7. Dependence of the spin-orbit splitting for 1p3/2,1/2,
1d5/2,3/2, 1f 7/2,5/2, 1g9/2,7/2, and 1h11/2,9/2L states on nuclear mass
The only available data point@45# for the 1p3/2,1/2 doublet in L

13C
and an upper limit for the 1p3/2,1/2doublet inL

16O @48# is also shown
~see Sec. III C!.
9-10
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in the same nucleus~see also Fig. 10!. The spin-orbit poten-
tial,on the other hand, has its strongest contribution alway
a peak structure at the nuclear surface, as seen in Fig
Hence, the overlap of the delocalizedL wave functions and

FIG. 8. Comparison of DDRH and experimental single parti
energies. The lines are drawn to guide the eye. Results forRv

50.542 are indicated by a dashed line. In order to remove fi
size and, especially, surface effects, the energies are shown
function of A22/3. For A→` they converge asymptotically to th
binding energy of a singleL in infinite matter,EL5228 MeV.
The data originate fromAX(p,K)L

AX reactions@40–44#.

FIG. 9. This figure shows a comparison between the overla
the L 1p3/2 density dp3/2

(L) (r )5r 2C̄LCL\c with its ~lowest order
Schrödinger equivalent! spin-orbit potentialVso

(L) and the respective
potential for the neutron in the hypernucleusL

16O. TheL spin-orbit
interaction is, in addition to the smaller spin-orbit potential, reduc
due to its delocalization compared to the neutron.
06430
in
9.

the rather sharply localized spin-orbit potential is consid
ably less than for the stronger bound nucleonic wave fu
tions; Fig. 9 illustrates this. As a result, a much smaller ov
lap integral and a reduced spin-orbit interaction energy
obtained forL states. As seen from Fig. 7 the calculat
spin-orbit splitting is still larger than experimental resu
require. This supports an additional mechanism of reduct
Presumably, this is related to the quark structure of theL,
indicating for example a tensor coupling to thev meson
@4–6#. The effect of theL spin-orbit potential is largest in
the low angular momentum doublets of small hypernuc
Therefore the ideal nuclei to observe spin-orbit potential
fects experimentally are those that are heavy enough to
the 1p doublet just without a too large ‘‘close-to-thresho
squeezing.’’ This can be seen from Fig. 7 to be the reg
around calcium.

D. Systematics of singleL states

In Fig. 8 the DDRH single particle spectra are compar
to spectroscopic data from (p1,K1) reactions. States in in
termediate to high mass nuclei are described fairly well
the model, while for masses below aboutL

28Si deviations to
the experimental data of up to 2.5 MeV arise. As discus
in Sec. IV A, in this mass region the limits of using LDA
vertices may be approached. We seem to overestimate
tematically the strength of the repulsive vector interaction

e
s a

of

d

FIG. 10. The integrand of the spin-orbit energy, i.e., the prod
of the two functions presented in Fig. 9, is shown in this plot for t
neutron and theL 1p states inL

16O and L
208Pb, respectively. It is

seen that the reduction of the spin-orbit energy due to the delo
ization of theL is of special relevance for lower mass nuclei.
9-11
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TABLE IV. Transition energies for (K,p) reactions on a nucleus@50,51#. These states includeL particle-
n hole excitations of the singleL hypernuclei. The experimental values~expt.! are compared to DDRH and
a phenomenological RMF model@8# ~phen. RMF! with nonlinears self-interactions.

Expt. DDRH Phen. RMF
n valence shell state @MeV# @MeV# @MeV#

L
12C 1p3/2 (1s1/2L,1p3/2n

21) 6.7262 6.69 5.02
(1p3/2L,1p3/2n

21) 18.4862 15.11 17.21

L
16O 1p1/2 (1s1/2L,1p1/2n

21) 3.3562 5.76 3.53
(1s1/2L,1p3/2n

21) 9.9062 10.13 9.46
(1p1/2L,1p1/2n

21) 13.2062 16.16 13.89
(1p3/2L,1p3/2n

21) 19.2062 18.40 18.88

L
40Ca 1d3/2 (1p1/2L,1d3/2n

21) 5.7962 8.84 7.40
(1d3/2L,1d3/2n

21) 14.4762 11.34 15.48
(1d5/2L,1d5/2n

21) 19.3562 20.07 20.71
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low
low mass singleL hypernuclei. This tendency already b
comes apparent in going fromL

51V to L
28Si. In Fig. 8 results

of a calculation are included in which the vector scaling fa
tor was slightly decreased by about 2% toRv50.542. Figure
1 shows that this value is also located in the valley of thex2

distribution. TheL separation energies in the light mass n
clei are well reproduced but the agreement in the high m
region would deteriorate. The result indicates the sensiti
of the DDRH calculations on fine details of the interplay
scalar attraction and vector repulsion. Clearly, under
present conditions a 2% variation is well within the unc
tainties of the model and, moreover, may be taken to indic
a typical boundary for the validity of LDA in light mas
nuclei.

For the heavier nuclei the microscopic DDRH results
of a quality which is at least comparable to the phenome
logical descriptions. This we consider as a remarkable s
cess for a model which essentially contains only a single
parameter, namely the overall vector vertex scaling fac
Rv .

Finally, we will look at (K2,p2) data measured at th
end of the 1970’s at CERN@50,51#. This data set was no
included in the determination ofRv because of its relatively
large error bars. Table IV shows these data together with
DDRH predictions and phenomenological RMF@8# calcula-
tions. These data contain besidesL single particle states als
information on the energies ofL-particle neutron-hole states
These were calculated approximately within the Hart
scheme by keeping a neutron hole at the specified place
ing the iteration. A more realistic calculation would requi
us to perform a complete RPA calculation which is, ho
ever, at present neither feasible nor worthwhile. A furth
complication in modeling these nuclei is the relatively sm
mass numbers, as discussed already above. Taking into
count the fairly low energy resolution of the data and ke
ing in mind the previously discussed subtleties the (K,p)
data are also described satisfactorily well on a level com
rable to phenomenological RMF models.

V. SUMMARY AND CONCLUSION

The DDRH theory introduced previously for neutron a
proton isospin nuclei was extended to hypernuclei by incl
06430
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ing the full set ofSU(3) f octet baryons. Interactions wer
described by a model Lagrangian including strangene

neutral scalar and vector meson fields ofqq̄ (q5u,d) andss̄
quark character. The medium dependence of interactions
described by meson-baryon vertices chosen as functiona
the baryon field operators. Following DDRH theory the
structure is determined such that interaction diagrams c
tributing nonperturbatively to the ground-state energies
wave functions are cancelled. Here, the DDRH vertices w
chosen to cancel Dirac-Brueckner ground-state correlatio
Hence, the approach corresponds to a resummation of la
diagrams into the vertices under the constraint that infin
matter ground-state self-energies and total binding ener
are reproduced. As the central theoretical result it was fo
that the structure of Dirac-Brueckner interactions stron
indicates that the ratio of nucleon and hyperon in-medi
vertices should be determined already by the ratio of
corresponding free space coupling constants being affe
only weakly by the background medium. Apparently, t
presently available hypernuclear data are, at least, not
tradicting such a scaling law.

Dynamical scaling will have several important cons
quences for hypernuclear investigations. First of all, it mig
be considered to give a sound theoretical support to the g
eral conviction that hypernuclei are suitable to gain inform
tion on octet dynamics. A conclusion of equal importance
that hypernuclei should follow essentially the same rules
isospin nuclei except for a shift of energy scales. A po
worth investigating in more detail in the future is wheth
hypernuclear scaling might provide a way to study the d
namical evolution ofSU(3) flavor symmetry in a medium.

In order to test dynamical scaling, RMF calculations f
single L hypernuclei were performed. Using the previous
derived meson-nucleon vertices@25# and fixing thesL ver-
tex by a theoretical value from the literature@18,31# the v
meson-L vertex scaling factor was determined by a lea
squares fit procedure, thus determining the only free par
eter of the model empirically from a selected set of da
Calculations over the full range of known singleL nuclei led
to a very satisfactory description ofL separation energies
The deviations from the overall agreement for masses be
9-12
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A'16 are probably related to the enhancement of surf
effects in light nuclei. Very likely, they indicate the limita
tions of static RMF calculations with DB vertices obtained
the local density approximation. The minor adjustment
parameters, necessary to achieve agreement also for the
mass systems, indicates the sensitivity of these surf
dominated nuclei on dynamical details. In a recent nonre
tivistic calculation indeed sizable contributions of hyper
polarization self-energies especially in light nuclei@52# were
found.

The results are encouraging and we conclude that DD
theory, extended to the strangeness sector, is in fact an
propriate basis for a microscopic treatment of hypernuc
cl.

as
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ne
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s
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The present formulation and applications are first steps
the way to a more general theory of in-mediumSU(3) f fla-
vor dynamics. Future progress on dynamical scaling a
other theoretical aspects of the approach will depend on
availability of Dirac-Brueckner calculations for the fu
baryon octet including also the complete pseudoscalar2

and vector 11 meson multiplets.
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