PHYSICAL REVIEW C, VOLUME 61, 014309

Testing microscopic medium effects on nucleons and mesons using polarization observables
in high-spin, unnatural-parity (g,p’) reactions at 200 MeV
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We compare measurements of the cross section, analyzing power, induced polarization, and polarization
transfer coefficients for,’) reactions leading to unnatural-parity, high-spin states®® and 2%Si with
distorted wave impulse approximation calculations. We use an effective nucleon-niblsprinteraction
obtained from a microscopic treatment of nuclear medium effects. Niigpotential is generated from a
one-boson-exchange model of the nuclear force that reprodiidescattering data well. Medium effects are
incorporated through & matrix obtained within a Dirac-Brueckner approach to nuclear matter. While agree-
ment for some observables is good, differences for the polarization transfer coefficients indicate that systematic
problems with the relative sizes of the spin-orbit and tensor interaction components exist. The differences are
larger for?®Si than for'®0. A new model that incorporates density-dependent meson mass reductions produces
only small effects that do not change the quality of the agreement. Connections to previous calculations are
investigated.

PACS numbgs): 21.30.Fe, 25.40.Ep, 24.10.Cn, 24.¥86.

[. INTRODUCTION also include the strong mean field scalar and vector poten-
tials that are part of a covariant treatment of nucleon motion
Proton-nucleus inelastic scattering offers one of the simwithin nuclear mattef6-9]. We will refer to all of these
plest and cleanest ways to test whether models that incorporechanisms as “conventional” medium effects.
rate medium modifications into an effective nucleon-nucleon Distorted wave impulse approximatidbWIA) calcula-
(NN) force are adequate to describe nuclear reactions. In pations based on this effectiveN interaction model were com-
ticular, the polarization observables are essentially detempared to a body offf,p’) cross section and analyzing power
mined by the spin dependence of thN interaction[1,2]  data for largely collective natural-parity transitiof&. Pre-
and provide an excellent way to check the spin-dependentious work has shown that for such cases, a good description
NN amplitudes. of the analyzing power implies that the polarization transfer
To facilitate the handling of this complicated many-body coefficients will also be well reproducdd0]. We find that
problem, the effects of the surrounding nucleons are incoreur model provides a satisfactory description of inelastic
porated into an effectivéN interaction where differences scattering to natural-parity states.
from the original freeNN force increase with nuclear density.  Natural-parity transitions are primarily sensitive to the
Experiments completed over the past few years near 20oscalar spin-independent and spin-orbit components of the
MeV now offer high precision polarization data for a numberinteraction. For the investigation of other components, the
of discrete nuclear states. These data can be used to testin purpose of this paper, different transitions are needed.
models of the effectivéNN interaction below the pion pro- The high-spin stretched transitions offer a particularly good
duction threshold where the frééN interaction is well con-  choice. Their unnatural parity makes them sensitive to the
strained by the available two-body data. spin-orbit and all of the tensor components in the effective
In a previous paper, we described a microscopic treatmenhteraction. Because of their high spin, there is usually only
of the in-medium effective interactidi]. TheNNforce was one particle-hole configuration that contributes significantly
obtained from a one-boson-exchar@BE) potential whose to the transition, and the pertinent wavefunctions are easily
parameters had been adjusted to reproduce well the results efnstrained by transverse,€’) form factor measurements.
modern phase shift analyses below 350 M&V. Compari-  Furthermore, these transitions are among the largest in the
sons toNN data measured near 200 MeV show excellent(p,p’) excited state spectrum and appropriate for studies us-
agreement. The systematic effects of placing tilé force  ing single-step Born approximation reaction calculations.
within the nuclear medium are calculated usin@amatrix ~ Lower spin unnatural-parity states are also sensitive to the
approach for infinite nuclear matter that incorporates nucleasame components of the effective interaction, but pick up
binding and Pauli blocking effectss]. This approach can sensitivities to nuclear currents and finite-range exchange
that complicate the analys[d1]. In addition, the polariza-
tion observables for the lower spin states are sensitive to how
*Present address: MCI WorldCom, Oakbrook Terrace, IL 60181the amplitudes for the many possible particle-hole structure
"Present address: Shell Oil Corporation, Houston, TX 77025.  contributions are chosen, and other data is usually of scant
*Present address: Ohio University, Athens, OH 45701. help in making the right choice.
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For this study we will consider the three 4states at scaling [34]. Recently, a model has been propodé&d|
17.78, 18.98, and 19.81 MeV #fO, as well as the two 8  which combines Brown-Rho scaling together with a micro-
states at 11.58 and 14.35 MeV 4fSi. States of boti’=0  scopic description of the intermediate-range attraction in
and T=1 isospin character are present, giving us access t&rms of a correlated pair of pions. This approach maintains
both isoscalar and isovector parts of the effectiie inter- ~ 900d agreement with the average properties of nuclear matter
action. These measurements, made for proton energies néae)- We Wwill explore in Sec. IV whether it can address the
200 MeV, have been reported on a number of prior occasioni§Sues raised by thep(p’) polarization data.

[12-15. The experiments oR®Si are now completefl16],
and all polarization transfer coefficients are available for
comparison. II. CONVENTIONAL MEDIUM EFFECTS

DWIA calculations reproduce the main trends of these A. DWIA calculations
measurements, as will be discussed in Sec. Il. But several . .
notable differences exist, especially for the diagonal polar- 1€ DWIA calculations reported here are made with the
ization transfer coefficients. The nature of the discrepanciegreram DWBA86[36].

leads us to conclude that there are physical mechanismﬁ This prolgram IS d|ffergnt from thg one used _T% examine
missing from our model, despite efforts to constrain jtthe natural-parity states in our previous wd. The ex-

through independent empirical information change parts of the amplitude are calculated using finite
Our presentation of results will also inclludSec 10 a range, which is important in general for the treatment of the

comparison with combinations of polarization transfer Coef_spm-depend_e_nt parts of the effective interaction. .

ficients expressed as polarized cross sections. Because ofThe transition form fa(_:tors are c_alculatgd assumlng}hat a
their selective dependence upon individual spin-dependerﬁ|ng|e .p?ertlcle-.ho_le (E?nflguratlon is dominant. Eorsth.e 4
NN amplitudes in a Kerman, MaManus, and Thal&MT) §tat§§ in™0, this ispy;dsy;, and for the 6 states in?°Si it _
[17] or Bystricky [18] representation, these polarized crossiS ds;2f72. In each case the transition goes from an orbital
sections can be used as a powerful diagnostic tool. that is filled in the simple shell model to one that is empty.

At the end of Sec. II, we check the assumption that thelhe change of orbital angular momentum by one unit intro-
isospin of these transitions is well known. We find no evi-duces the negative parity in both cases. While other configu-
dence that isospin mixing would offer an appropriate solufations can be constructed that couple to the same value of
tion to the problems we encounter with these data. spin and parity, they involve orbitals at much higher excita-

Having observed that the established medium effects corfion. Those most likely to contribute, such p§;gg, in the
tained in our model do not provide an adequate descriptio®  case, do not change the DWIA calculation since they are
of these states, in Secs. lll and IV we explore less convenalso stretched configurations with the saing¢ransfer. To
tional mechanisms. Because these data support the need fofiad particle-hole configurations whejg+j,>J, orbitals at
substantial reduction of the tensor attraction in the mediumgven higher excitation are required, and significant transition
particular attention will be paid to those contributions whichstrength there is unlikely. Once the particle and hole wave
can affect the tensor force. functions for the single configuration are adjusted to repro-

One way to reduce the tensor attraction is to increase thduce the ¢,e’) transverse form factor measurements, we
repulsive influence of the meson by systematically reduc- consider the structure of the transition sufficiently well con-
ing its mass with increasing nuclear density. Known asstrained that we can safely judge the quality of the other
Brown-Rho scalind 19,20, this mechanism would signal a ingredients in the calculation.
change of the system toward a partial restoration of chiral The particle and hole wave functions are calculated as
symmetry. The suggestion is supported by QCD sum rulstates in a Woods-Saxon well. The binding energies are cho-
calculations that predict a mass reduction of about 20% agen to represent the energy needed to separate a proton or a
full nuclear matter densitj21-24. neutron, leaving behind the lowest state with the required

From the experimental side, evidence for in-mediumspin and parity. Fof®Si, these are the 5/2ground states of
p-meson mass reductions has been reported from diverséAl and ?’Si. In the case of th&=1, 6~ state at 14.35 MeV
places, including proton elastic and inelastic scatteringn 28Si, the f, proton added to thé’Al ground state is
[25,26], measurements of polarization transfer m{’) re-  unbound by 2.78 MeV, an energy that is greater than the top
actions[12,13,27, dilepton production in relativistic heavy of the Coulomb barrier fof’Al. In this case the wave func-
ion collisions[28,29], andp-meson photoproduction and de- tion is calculated using the techniques developed by Vincent
cay [30,31. In some cases more conventional explanationsind Fortung37]. For the'®0 case, the ground states of the
have been offeref32,33, so the interpretation of these ex- nuclei with one less proton or neutron are not 3/Instead,
periments remains an open question. In Sec. lll, we willwe use the state at 6.324 MeV 1fN and the state at 6.176
evaluate the impact gi-meson mass scaling op,p’) in-  MeV in °0. Again for theds, proton, two of the three 2
elastic scattering within the context of a full density- transitions require positive proton binding enerdi@$3 and
dependent calculation. 1.36 MeV).

While searching for improvements in the quality of The Woods-Saxon geometry paramet@eglius and dif-
(p,p’) predictions, it is desirable to keep as a constraint gusenesg as well as the spectroscopic factor, are adjusted
realistic description of nuclear matter saturation propertiesuntil a calculation of the transverse form fact88] in
not an easy task in the presence of uniform meson madq®,e’) inelastic scattering reproduces the measurements. For
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FIG. 1. Measurements of the
cross section and polarization ob-
servables for the 6, T=1 state at
14.35 MeV in 28Si [12,16. The
calculations represent the DBHF
(solid), BHF (long dashef and
free (short dashedeffective inter-
actions.

cross section (mb/sr)

160 we use the data of Hyde-Wrigh89]; and for 2Sj the  tion is taken from the charge density for each nucleids by

data of Yen[40]. Because the transverse electron scatteringinfolding the contribution of the proton charge distribution.
form factor is mainly sensitive to the isovector part of thelt is assumed for the twdl=2Z nuclei considered here that
transition density, data is available only for three of the fivethe proton and neutron distributions are the same. This mat-
transitions we consider. These include The 1 states in'®0  ter distribution is also used to determine the local density at
(18.98 Me\) and 2Sj (14.35 MeV). In addition, the isospin  Which the effectiveNN interaction is evaluated. The folding
mixing is such that there is also information available for themodel potential calculation is made with the distorted wave
lower 4~ state in%0 (17.78 Me\j [39]. Thus we should program LEA[42], and the local potential transferred to
expect quantitative agreement with the cross section only foPWBAS6.

these three cases. For the remaining two states, a form factor The three 4 states in*®O are isospin mixed. A three-

is chosen which is similar to that for the other states in thestate mixing model has been adjusted to reproduce the results
same nucleus. The spectroscopic factor will incorporate inof electron and pion scatterirjg3]. We will use those mix-
formation from pion inelastic scattering, but reaction mechading ratios here. For the uppdr=0 state at 19.80 MeV, we
nism ambiguities prevent this from being a strong constraintwill use the same bound-state parameters and spectroscopic
In these two cases, only the polarization observables will béactor as the loweiT=0 state with the changes from the
useful in the evaluation of medium effects. isospin mixing model preserved.

The distorted waves in the incident and exit channels are For the 6 states in?®Si, the energy separation is large
calculated using a folding model potential in which the cen-enough that it is possible to consider them as unmixed, with
tral and spin-orbit terms in the effective interaction are averthe lower (11.58 Me\} being T=0 and the uppe(14.35
aged over the distribution of target nucleons. This distribuMeV) beingT=1 [43]. In the absence of electron scattering

FIG. 2. Measurements of the
cross section and polarization ob-
servables for the 4, T=1 state at
18.98 MeV in %0 [13-15. The
calculations represent the DBHF
(solid), BHF (long dashef and
free (short dashedeffective inter-
actions.

cross section (mby/sr)
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FIG. 3. Measurements of the cross section
and polarization observables for the 6T=0
state at 11.58 MeV irf®Si [12,16. The calcula-
tions represent the DBHHKsolid), BHF (long
dashed, and free(short dashedeffective interac-
tions.
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data for theT=0 transition, we will use the same bound L transfer. In the plane wave limit, not all of the polarization
state parameters as for tiie= 1 state and adjust the spectro- observables are independémt2]. In the absence of contri-
scopic factor downward by 0.39 to be consistent with thebutions from nuclear currenfd 1], the observables tend to
findings of Olmer for pion scattering#4]. The question of follow the relationship#=P andDg,,=—D, . The mag-
whether some small isospin mixing would help us to undernijtudes ofA, P, Dg,,, andD s are a measure of the inter-
stand the results for theé=1 state will be considered in the ference between spin-orbit and tensor contributions to the

last part of this section. reaction amplitud¢1]. For the isovector transitiongigs. 1
_ _ and 2, the spin-orbit part of the effective interaction is
B. Comparison with data small, hence these four observables are all close to zero. This

Figures 1 and 2 show measurements and calculations fé$ not the case in the isoscalar chanff@gs. 3—3 where the
the two T=1 states, and Figs. 3-5 show the same for theéspin-orbit amplitude is large and there are important ex-
T=0 states. In each case all observables, including the croghange contributions to the tensor part of the interaction. In
section, analyzing power, induced polarization, and five pothis case, these observables are larger.
larization transfer coefficients are shown. There are three cal- The diagonal polarization transfer coefficientSyy,
culations based on the effective interaction described in RePgs, andD, , are sensitive to the balance between spin-
[3]. The short-dash curves make use of a ffdensity- orbit and tensor components of the effective interaction.
independentNN interaction. The long-dash curves are basedlhey will be discussed in more detail in the next subsection.
on aG-matrix calculation which includes the Pauli blocking  Except for theT=0 cross sectiongFigs. 3—-5, there is
and binding energy medium effects from Brueckner theonylittle difference among the three calculations. For the BHF
only (BHF). The solid curves are also density-dependent, butase, medium modifications to the tensor parts of the effec-
include in addition the changes brought about through a cortive NN interaction are expected to be smiab].
sideration of the strong relativistic mean-field potentials in The real spin-orbit and tensor parts of the effectivid
the Dirac-Brueckner approach to nuclear matieBHF). interaction arise mainly from specific terms in the OBE po-
The cross sections all show a roughly Gaussian distributential. For the isovector tensor, this comes from the balance
tion with momentum transfer and a peak location tied to theébetweenw- and p-meson exchange potentials. For the isos-

cross section (mby/sr)

FIG. 4. Measurements of the cross section
and polarization observables for the 4T=0
state at 17.78 MeV i®0 [13—15. The calcula-
tions represent the DBHFKsolid), BHF (long
dashed, and free(short dashedeffective interac-
tions.
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cross section (mby/sr)

FIG. 5. Measurements of the cross section
and polarization observables for the 4T=0
state at 19.81 MeV if®0 [13—15. The calcula-
tions represent the DBHHKsolid), BHF (long
dashed and freg(short dashedeffective interac-
tions.
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calar spin-orbit, this is~ andw-meson exchange, and for the discrepancy is not understood. It must be noted that the cross
isoscalar tensow- and 7-meson exchangéwhich nearly  section, which comes mostly from the spin-orbit part of the
cancels to zero, leaving the isovector tensor as the main cofsoscalar effective interaction, is enhanced by the density de-
tribution to (p,p") reactions through the exchange part of thependence. This is important in achieving any agreement with
DWIA calculation]. For the Dirac-BrueckneiDBHF) calcu-  the calculations, and confirms the large density dependence
lation, the effective nucleon mass also changes the potentigkesent in the isoscalar spin-orbit part of the DBHF calcula-
terms in the scattering equation, but this has little effect orjon, |n all threeT=0 cases, the large increase in the cross
the OBE potentials for ther andp mesons. Thus little dif-  section when the density dependence is included also pushes
ference is seen among the three curves in Figs. 1-5 for thge cross section peak to larger scattering angles while the
polarlzanon observables, _espeC|aIIy where the cross sectioflq suggest that the opposite effect is needed. This arises
is largest. Some of the difference may also be due to thBecause the effects of the density dependence on the isosca-

different optical model wave functions associated with the . . .
BHE and DBHE effective interactions. lar spin-orbit term grow with momentum transfer, a trend

For the twoT=1 transitions in Figs. 1 and 2, the con- which is not supported by these data or the analysis of Ref.

. : . 3]
straint of reproducing the electron scattering form factor re—[ . . .
sults in satisfactory agreement with the cross section, al- Whatever problems exist with the DWIA calculations,

though the medium effects tend to push the large-angld'€y appear to be worse for silicon than oxygen. Whether
values upward away from the data. This is in contrast to thdNiS Points to a dependence on increasing mass or spin trans-
case for natural-parity transitiori8] where DWIA calcula- fer, or arises from a structural change in the transition, is not
tions systematically overestimate the cross section by alsnown.
much as 50%. The calculations also reproduce the angular
distributions of A, P, Dgi,, andD_g . It is only for the
diagonalD;; that we see substantial disagreements, with the
Iculation ing t itive f nd too negative for - : ;
EaNiu aBé’tWSegﬁ tﬁe c;\c/)vc?(:rsans?tiocgssstiedcglguI:tgi]:nsearg al- For stretched transitions, there(isithin certain approxi-
most identical, a reflection of the similarity in the spin struc- (r;itr:gnso?a?irzl;}gf; :\ncs?‘;rfiEgggvzi?aﬁssb:;\zetﬁz Z?ngglg?}'no dr:s
ture for all stretched transitions. While the discrepancies with . polarl . o L L
dual amplitudes in the effective interaction, in combination

data are similar in kind, the size of the disagreement depend@ ; o
on the target, particularly fobyy where the data are more }N'th;heKiz)?rf prlate} s;ru;ﬁr_e faCtbr.’Z]' il’7h|s_|s m%st clear
positive for 23Si than for 0. or the orm of theNN interaction[17] given by

For the two nominallyT=0 states in*®0 (Figs. 4 and §
the amount off=1 amplitude included with th&=0 is of M=A+Bo1n02,+ C(0o1nt 02n) T E01q02q T Fo1pop,
opposite sign but about the same size. There are electron (1)
scattering measurements to constrain thefdrm factor for
the state at 17.79 MeV itfO (Fig. 4). For this case we get
rough agreement with the size of the cross section. Rescalinghereo is the Pauli spin operator for particle 1 or 2 acting
the T=0 28Si transition downward by almost a factor of along the directiond (normal to the scattering plaheq
three to agree with the pion scattering results also yield¢along the direction of the momentum trangfeor p(={
reasonable agreement with the magnitude of that cross ses-fi). The magnitude of each of the spin-dependent ampli-
tion. For the state at 19.80 MeV #fO, the measured cross tudes in Eq.(1) is related to a single combination of polar-
section is larger than the calculated one, despite using pioization transfer coefficientd; cast in the form of a polarized
scattering information as an independent normalization. Thisross section as

C. Combinations of observables
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FIG. 6. Measurements of the polarized cross sections for the FIG. 7. Measurements of the polarized cross sections for the
6, T=1 state at 14.35 MeV irf®Si [12,16. The calculations 4~, T=1 state at 18.98 MeV if%0 [13-15. The calculations

represent the DBHF effective interaction. represent the DBHF effective interaction.
0'D|S=C2)($, O'Dq=E2)(E, Dun=DistDp—=Dg—Dyp, ®
0D, =B%x%, oD,=F%&, 2) Dss=Dis—D,+D4—Dy, ©)
where x, is the spin longitudinal form factor ang is the DL.=Dis—=Dp=Dg+Dy, (10

transverse form factor. For stretched transitions, the formfac-
tors are determined from the tr?nsverge electron scatterir@UbJ
form factor and the relat!onshlpLZZJXT((q+ 1). (All of Dig+ Dyt Dyt Dp=1. (11)
the D; must be non-negative, a fact that limits the range over
which the polarization transfer coefficients may varyhe  This makes it possible to quickly see how any change to one
observable combinatior3; are given by of the amplitudes in Eq(2) might affect the diagonal polar-
ization transfer coefficient® gy, Dss, andD | . A change
to the spin-orbit amplitude will mov®\y, Dss, andD |
up and down together. If the spin orbit dominates, as it does
for the isoscalar interaction, then these three polarization
transfer coefficients are close to 1. Likewise, a change to any
_ . of the three tensor amplitudes will move one coefficient in
Dn=[1+Dnn=(Dsst Dy )cosf+ (D s —Dsy)sin 6]/45 one direction while sending the remaining two in the oppo-
®) site direction. How the one-against-two pattern appears
1 _ among the three coefficients then shows us which tensor am-
Dp=[1~Dnn~DsstDuLli4, © plitude needs to change.

where ¢ is the center-of-mass scattering angle. The corre- N the plane wave limit, the vanishing of any spin-orbit
sponding polarized cross sections are then defined as ~ contribution to the reaction means tHa is purely nega-
tive [46]. This is a good approximation for the isovector part

gi=0D,. (7)  of the effectiveNN interaction[47]. If the spin-longitudinal
part of the interaction becomes larger, then value®gQf
A comparison with data is meaningful only for those threebecome more negative. The measurement® gf; for the
transitions where the transition form factor is constrained byT=1 transitions are positive in the case 388i (Fig. 1) or
electron scattering measurements. near zero in the case 6fO (Fig. 2). Bringing Dy closer to
From the combinations in Eq$3)—(6), it is possible to zero requires a reduction of the pionlike, or spin-
deduce some general features that are helpful in interpretinigngitudinal, contribution to the effective interaction. But
the differences shown in Figs. 1-5. If the scattering angle i®nly a significant spin-orbit term can pughy to positive
small, and especially D, s andDg,, are also close to zero, values. These data show the need for a larger spin-orbit con-
we can set cog~1 and sind~0 and then invert Eq$3)—(6) tribution to the isovector tensor interaction, as well as some
to produce changes among the tensor pieces.

ect to the requirement

D|S:|:1+ DNN+(DSS+ DLL)COSH_(DLsr_ DSLI)Sin 0]/4,
©)

Dq=[1—DnntDss= Dy 174, (4)
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necessity to increase the spin-orbit contribution in order to
attain positive values dDyy is seen in Fig. 6 as an under-
estimate inos .

For the(mostly) T=0 transition at 17.78 MeV if®0, the
spin-orbit amplitude seems adequate but there is insufficient
o, tensor, as noted earlier. The increase of the density de-
pendence with angléor momentum transferfor the spin-
orbit interaction is apparent fromr,s, where the peak is
shifted to larger scattering angles.

In closing this subsection, we note again that this separa-
tion into four polarized cross sections helps us to identify
which amplitudes in the effectiv®IN interaction are most
likely to be at fault when the calculations of the polarization
transfer coefficients do not match the data.

D. Isospin mixing for 28Sj

One factor that may differ among nuclei is the degree of
isospin mixing present in any particular stretched state. We
recently suggestddl8] that the large differences seen for the

FIG. 8. Measurements of the polarized cross sections for thq=1 transition in 28Si might arise from the admixture of
47, T=0 state at 17.78 MeV int®0 [13-15. The

represent the DBHF effective interaction.

calculations

someT =0 strength. Tuning the amount of mixing based on
the data available from Rdf12] produced closer agreement,
eliminating the overestimate far, shown in Fig. 6. Now,

As was the case for the=1 states, the differences be- with a complete set of polarization transfer coefficients for

tween data and calculations for the=0 transitions are
larger for?8Si (Fig. 3) than for®0 (Figs. 4 and & The data

this transition, it is possible to reevaluate this conclusion.
The isospin mixing of thel=1 transition in?®Si can be

for Dy are always more positive than the calculations. Meadescribed, independent of its spectroscopic strength, by the

surements foDgg, D, andDg, fall below their respec-
tive calculations while the opposite is observed forand

angle in the expression cogp)+sin 7|n) where|p) and|n)
are proton and neutron contributions to the transition. A pure

D, s . The pattern in the diagonal polarization transfer coef-T=1 transition lies aty=135°. For reference, thi=1 cal-
ficients indicates thaD, should be larger relative to the culation is shown by dashed curves in Fig. 9 where the three

dominant spin-orbit term in the isoscalar channel.

observables were selected as the most sensitive to iso-

These conclusions are also evident upon inspection of thgpin mixing. A chi square minimization was made as a func-

polarized cross sections of E/). In Figs. 6—8 the calcu-

tion of , and the smallest value considering all the polariza-

lated polarized cross sections are compared with the data faion data for this transition lies aj=127.4°. This calculation
the three transitions for which there is adequate form factors represented by the solid curves in Fig. 9. The polarized
data. In all cases the calculations are DBHF, including allcross sectiorr, improves, as doeByy. But the combina-

conventional medium effects. THE=1 transitions in%Si

tion Dg;,—D, g becomes worse, indicating that the new

and 10 are shown in Figs. 6 and 7. In both cases the spineontribution to the interference between spin-orbit and tensor
longitudinal cross section, is overestimated. Since the pre- interactions is inappropriate(This information was not
dictions for the cross section size are fairly close, thisavailable for Ref[48].) There is no value oy that improves
strength comes at the expense of the other polarized crosgreement for all observables, thus no reason to consider
sections, in particulawr, and os. These differences are significant isospin mixing for this transition. Similar conclu-

more extreme for®Si than for®0. In the case of®Si, the

0.10 T

sions apply to the other transitions studied in this paper.

0.08 -

0.06 -

0.04

cross section (mby/sr)

0.02 -

0.00

]
Do -DigT]

FIG. 9. Measurements of the, polarized
cross sectionDyy, and the combinatioDg,
—D_g for the 6, T=1 state at 14.35 MeV in
285j [12,16. The calculations represent isospin
mixing with an angle of 1359dashed, purel
=1) and 127.4%solid).
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Ill. PREVIOUS WORK WITH p-MESON MASS SCALING N

A number of attempts have been made to explain the dif- 0.16
ferences between theory and experiment for the stret¢hed
=1 transitions in terms of scaling of themeson mass in the
nuclear medium. In all cases density-independent DWIA cal-
culations have been used under the assumption that any
change would correspond to some average density for the
transition.

Stephenson and Toste\it3] modeled the change in the
effective NN interaction with an additional Yukawa term of
short range that was chosen to resemble the change in the
OBE potential with a reduceg-meson mass. They used a
different Yukawa for the isovector spin-spin and tensor
terms, and adjusted a complex coefficient for each until N
agreement was reached for tH®© polarization transfer ob- 0.00 . R S 0.00
servables. By comparing the real parts to a standard form for 20 40 20 40
the p-meson potentigl49], they found an average reduction O¢.m. (deg)
of (m*/m)y=0.938+0.016. In another analysis, Baghaei
et al. examined primarily measurements Bf, for the 3*
—0~ transition in'%B and found(m*/m)=0.9[27]. In both

o
TN RS SR

cross section (mby/sr)

FIG. 10. Measurements of the polarized cross sections for the
47, T=1 state at 18.98 MeV in®0 [13-15. The calculations

. / . represent density independent interactions with gireeson mass
cases, ob_talnlng good ag_reem_ent with the data_ requwe_d Laled agm*/m)=1.0 (solid), 0.9 (long dashef and 0.8(short
careful adjustment of the imaginary parts of the mteractlondashe@l '

that arise from the density-dependent integral term in the

scattering equaj[ion and thus have no simple connection t(?onventionalG—matrix medium effects are includedCom-
the OBE potential.

The appearance of even larger differencesTigy, in 25Si pared to Fig. 10, the effects are similar in kind but much

. . smaller, and would suggest typical average densities of the
prompted anot.her an_alysus by Stgphgnsbal. .[12]' In this order of 15-30 % for the stretched transition. At these den-
case the amplitudes in the effectidN interaction were pa-

. ; sities, the effect of the expected changgimeson mass is
rametrized and adjusted to reproduce the data. The new Ao small to be detectable in a comparison with these data.

plitudes were then compared with OBE potential model Cal'Results similar in size to those shown in Fig. 11 are obtained

C]leat'gr/‘s U_S'S%a serlez(:]f rle?ulc%edntesonfrrt\rz]issfes. Valu?s when the change to themeson mass is included along with
of (m*/m)=0.8 seemed helpful for two of the four ampli- . ‘e 5 matrix calculation.

tudes considered, namely the ones associated ajtland
Olg -

To illustrate the effects of changing tikemeson mass in
a density-independent calculation, we show in Fig. 10 the
polarized cross sections for tAe=1 state in*®0. The solid,
long-dash, and short-dash curves represent interactions based
on {(m*/m)y=1.0, 0.9, and 0.8, respectively. For the three
tensor component$o,, o,, and o), the variations are
roughly linear inAm=m-m*. The reduced tensor attrac-
tion is manifest in the reduction af, whose spin operator
corresponds to pion exchange. Its counterpgrt which can
be associated with the pionlike tensor as it would appear for
knock-on exchange contributions to the reaction, is also re-
duced. The changes to the spin-orbit seem to be highly non-
linear, and may contain thAm® dependence discussed by 0.08
Brown et al. [34]. The reduction needed to obtain better
agreement foirg and o, lies between 10 and 20 %. Even -
though this represents the change at some average density for 0.00 —
the transition, it is plausibly consistent with the expectation 0 (deg)
of a 20% reduction of the-meson mass at full nuclear den- cm

sity. FIG. 11. Measurements of the polarized cross sections for the

We have repeated the calculation shown in Fig. 10 in &~ T=1 state at 18.98 MeV if%0 [13-15. The calculations
density-dependent environment in which theneson mass represent interactions with the only density dependence arising
is assumed to scale down linearly with increasing densityfrom a linear scaling of thg-meson mass with density where, at
The result is shown in Fig. 11, where the only density-full nuclear matter density,m*/m)= 1.0 (solid), 0.9 (long dashey
dependence comes from the changimgneson masgno  and 0.8(short dashed

N
.00 EFA—+——+—F—+——+F+++FF~0.00

cross section (mby/sr)
o

014309-8



TESTING MICROSCOPIC MEDIUM EFFECTS ON . .. PHYSICAL REVIEW €1 014309

In an analysis that considered a larger base of transitions,
including both natural and unnatural parity, we considered
variations of the meson masses in more defd®,50. 0.08
Density-dependent mass modifications were used. The hope
was to find some degree of freedom that would improve
agreement across a large range of transitions and thus point
toward physics missing from our model. It was found that a
careful balance was needed between #heand w-meson
masses in order to maintain the mean field for natural parity
transitions. Beyond that, there was very little sensitivity to a
scaling of thep-meson mas$50|, thus confirming the con-
clusion reached here. Only if larger modifications were ap-
plied could some improvements be observed, but they were
not systematic across all transitions being considered.

Simple scaling of thep-meson mass, like a modification
to the isospin mixing, does not address the full range of
differences observed for thesp,f’) transitions. This does 20 40
not eliminate the possibility that a more comprehensive set 0, . (deg)
of changes to the OBE meson properties based on additional _ )
physics considerations might contain the needed alterations FIG. 12. Measurements of the polarized cross sections for the

( _ _ a e X
to the spin dependence in the nuclear medium. One such - T=1 state at 14.35 MeV irfSi [12,16. The calculations
model is evaluated in the next section. represent the Rapfsolid) and DBHF (dashedl effective interac-

LI B B I B B B R
P>
LI B S I B B N

o
o
o
o

.00

cross section (mby/sr)

tions.
IV. A REALISTIC IN-MEDIUM MESON EXCHANGE . . .
MODEL saturation at the empirical density.
_ Starting with the OBE model of Ref3] (which repro-
A. Review of the model duces accurately freBIN scattering below 325 Me) the

In this section we consider an approach to the mediunzero-width ¢ meson is replaced by the microscopic model
effects on theNN interaction that contains meson mass scalfor 27 exchange of Ref[51]. This model contains chiral
ing and a more thorough treatment of the intermediate-ranggymmetry contact terms which considerably slow down the
attraction typically described in terms of tkemeson. The increase in attraction observed when the interaction is placed
properties of this model have been captured in a OBE forninto the nuclear medium.

[35] and we have incorporated it into our framework. First, The 27 exchange model has been parametriZa%] in
we review the physical considerations underlying this newerms of two sharp scalar mesons with density-dependent
approach to nuclear matter. masses and coupling constants. These density-dependent pa-

One problem with meson mass scaling is the loss ofameters are shown in Table | of RE35]. The correlated 2
nuclear matter saturatidl4]. If the o andw masses scale at exchange thus described accounts for more than half the in-
the same rate, the increased attraction generated by thgmediate range attraction. The remaining attraction is then
reduced-massr will dominate over the corresponding in- narametrized in terms of a scalar-isoscalar boson with ap-

crease in repulsion from theeduced-massw, thus prevent- roximately half the strength the usualboson would have

ing saturation. This crucial observation is the starting pointlP tvpical OBE potential Thi bination for the inter-
of the development of the model by Rappal. [35]. n a ypica poential. “his combination or the nter

. . L . mediate range attraction reproduces the original free space
At a microscopic level, the fictitiousr meson stands, in

- . . S potential from Ref[3].
part, for a correlated pair of pions interacting in a relatie The Brown-Rho scaling scenar[d9,20, together with
;/_vave.hTh%effeqt of tthe Tugleaa m§d|um g? HEQT correl;a— the above mechanism to provide additional repulsion in the
lons has been investigated and observed to be Very Srong B sector, is then found to be consistent with stable nuclear
the scalar-isoscalar chantjglL]. However, this overly strong

ttracti hich i litativelv similar to that of duced matter. The scaling prescription is applied to nucleon and
attrac |or_1(w Ich 1S qualitatively simifar o that ot a reduced o 1oy meson masses. Masses scale linearly to 85% of their
o mass in the OBE pictujecan be moderated by the inclu-

. | . . L free-space values at full nuclear matter density, which is con-
sion of -7 contact interactions, which are repulsive in na-

ture, while still allowing a realistic description of free pion- sistent with QCD sum rules analysgsl—24.
pion scattering[51]. These terms are required by chiral
symmetry through the soft-pion theorem constraints on the
scattering lengtt52]. The predictions we obtain when using the Rapp prescrip-

It is shown in Ref.[35] that, when the microscopic, tion show similar effects for all states with the same isospin,
chirally-constrainedr- interaction from Ref[51] is used to  so only a single example of each will be shown here. Figures
describe the correlate8-wave 27 exchange, then the as- 12 and 13 show calculations for the=1 andT =0 stretched
sumption of dropping meson masses, implemented withis~ states in?®Si. The dashed curves use the DBHF model
the DBHF framework, does indeed lead to nuclear mattedescribed earlier; the solid curves use the Rapp model.

B. Comparison with the data
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cross section (mb/sr)

FIG. 13. Measurements of the
cross section and polarization ob-
servables for the 6, T=0 state at
11.58 MeV in %Sj [12,16. The
calculations represent the Rapp
(solid) and DBHF(dashedl effec-
tive interactions.

6,m (deg)

Though some sensitivity to the change of model can benating from Rapp’s handling of the intermediate range at-
seen in some of the observables, particularly at the largeraction as compared to DBHF. The matrix element shown in
angles, a global look at the new calculation shows no overalfig. 14a) also receives a contribution from the tensor force,
significant improvement or deterioration in the quality of thewhich could in principle be partially responsible for the dif-
predictions as compared to those from the DBHF modelferences. But the small difference between the two curves in

This is true for both isospin channels. ~ Fig. 14(b) indicates that the tensor force is very similar in the
The similarity between the DBHF and the Rapp predic-yy0 models.

tions for these observables indicate that the two models must \y/pile concluding that this prescription does not resolve

havle adra;her similar spin d%péender_]ce.l This ca? be fr‘:rthetﬁe problems raised by these data, we must at the same time
explored by comparing specifis-matrix elements from the 5154 hotice that no deterioration in the overall quality of the

mvgnf[naotdzeé% I\I/Ine\lz/lg.n(ljgﬁ)ﬁglveeafz?gtt?%esr%itSl g;a;r:cﬁﬁclﬁ' N oEredictions is observed, suggesting that we are looking at a
© Y, ON OLase that is not sensitive to this level of scaling. Perhaps a

the (half-off-shel) NN center-of-mass momentum, while Fig. . . . . AR

14(b) shows the®S,-2D, transition under the same condi- process involving typlcally_much higher densities is better
tions. As before, the solid and the dashed curve are caICL?-u'te.OI to test a mass rescaling model such as the one we have
lated within the Rapp and the DBHF model, respectively.aIOIOIIed here.

We notice from Fig. 1éa) that the Rapp calculation for the

33,-33, case is considerably more repulsive than the DBHF V. SUMMARY AND CONCLUSIONS

curve, which is to be expected on the basis of the above
discussion. The differences between the two curves in Fi
14(a) most likely reflect differences in the central force origi-

We have examined the cross section, analyzing power,
Ynduced polarization, and polarization transfer coefficients
for (p,p’) reactions to unnatural-parity, high-spin states in
180 and %8Si. We compared this data with DWIA calcula-
I tions using an effectiv&IN interaction derived within a mi-

(b) croscopic treatment of nuclear medium effects. The model,
which is based on a quantitative OBE potential and incorpo-

rates medium effects through a relativisti&-matrix ap-
proach, has been previously confronted with data for natural-
4 parity, isoscalar transitions with satisfactory res{if

The spin-flip nature of the states considered here restricts
their sensitivity to the spin dependent parts of the effective

-L.o - n interaction. The high-spin character emphasizes the single

particle aspects of the nuclear structure, which are easily

s Doy Doy constrained by measurements of the electron scattering form
o 1 2 30 1 2 3 factor.

p (fm-1) Comparison with the data shows that the effects of con-
ventional density dependence are essentially absent, except
FIG. 14. Calculations of the real part of the half-off-shell matrix for the size of the spin-orbit interaction in the isoscalar chan-
elements for théS,;-3S,; (a) and 3S;-°D; (b) transitions using the  nel. This particular density-dependent change appears for the
Rapp(solid) and DBHF(dashedl effective interactions. T=0 cross section, where the agreement in size with the
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DBHF calculation appears to confirm this effect. The shift oftions while providing a satisfactory description of nuclear
the angle of the maximum in thE=0 cross section would, matter ground state properties has recently been proposed
however, suggest that the momentum transfer dependence [#5]. We applied this model but observed no significant
the changes to the isoscalar spin-orbit are incorrect. Thehanges in the quality of the predictions. This is consistent
DBHF calculation manifests some problems for stretchedvith our evaluation of past work, where it was observed that
transitions, and the diagonal polarization transfer coefficienteffects from linear scaling of the meson mass cannot be

in particular. As illustrated by the decomposition into four reliably detected through these data at the present level of
polarized cross sections, these differences would suggest thexperimental error and theoretical uncertainty.

the balance between spin-orbit and tensor components of the Since open questions remain, we are prompted to con-
effective NN interaction still needs modification. For tie  tinue looking for other mechanisms which can potentially
=1 transitions, the contrast betwe® and?®Si in the size  alter the relative strength of the tensor and spin-orbit forces.
of the discrepancies makes it difficult to assess the extent t& possibility can be identified in one of the sources of con-
which these differences can be addressed by systematientional density dependence, namely the Pauli projection
density-dependent changes to the effective interaction. Newsperator, which has traditionally been handled through the
ertheless, the overestimate @f remains in both cases, sug- angle-average approximatidd]. The quality of this ap-
gesting that there is still too much tensor attraction in theproximation was explored about a decade ago and found
isovector channel. For the thr@e=0 transitions, the differ- satisfactory[53], even for inelastic scattering off-diagonal
ences between data and theory are larger and more systefd-matrix elements. On the other hand, at the level of preci-
atic. In these transitions, where the isoscalar spin-orbit comsion appropriate to present standards it may be reasonable to
ponent is the dominant contribution, there is a clear signatureeexamine the validity of even well-established approxima-
in the diagonal polarization transfer coefficients for an in-tions, especially if they are likely to affect the spin-
crease in the tensor interaction associated with While a  dependent terms.

change in the isospin character of the transitions may alter
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