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Spin Transverse-Longitudinal Composition of the Isovector
Effective NN Interaction from ' 8(p,p ') at 200 MeV
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Cross section (o), analyzing power (Ar), induced polarization (P), and normal polarization transfer
coeflicient (D~~ ) data have been measured for scattering of 200-MeV polarized protons from ' B. Data
for the 3+, T=0 to 0+, T =1 (1.74 MeV) isovector Ohot stretched transition are compared to results of
distorted-wave calculations. While a, A~, and P are reasonably described by calculations based on the
free nucleon-nucleon (NN) t matrix, the Dtvtv data are not. The results suggest a larger transverse to
longitudinal spin-dependent interaction ratio than is expected from free NN scattering.

PACS numbers: 25.40.Ep, 24.70.+s

DiAerential cross section (o) and analyzing power

(A, , ) data for stretched transitions in inelastic proton

scattering at energies above 100 MeV were first used to
obtain definitive information on the tensor component of
the eA'ective nucleon-nucleon (NN) interaction more than

a decade ago [I]. Presently, more detailed information

about the spin-dependent components of the eff'ective X%
interaction can be obtained as a result of the development

of high-quality polarimeters [2-41 that allow the acquisi-

tion of precision polarization transfer data [5,6]. Data of
this type for stretched transitions are of considerable in-

terest because of recent QCD-based speculation [7,8]
about modification of meson masses in the nuclear medi-

um, which aff'ects the spin-dependent eff'ective ÃÃ in-

teraction components [9-11]and the continuum response

[12]. In this Letter we report a measurement of the nor-

mal polarization transfer coefficient (Dtvtv ) for the 3+,
T=O to 0+, T=1 (1.74 MeV) isovector 06to stretched
transition in ' B(p,p ) at 200 MeV. This transition is

essentially free from continuum background, permitting

proton scattering cross sections and spin observables to be

obtained over a range of momentum transfer broader
than previously reported [5,6]. The Dtvtv data reported
here are in strong disagreement with distorted-wave
(DW) calculations based on standard t-matrix [13] and

g-matrix [14] representations of the elfective NN interac-
tion derived from free AW scattering data. A substantial
increase in the ratio of the transverse to longitudinal spin

components of the N% interaction in the nuclear medium

is required to resolve the discrepancy. This is in accord
with the interaction modifications suggested by Rel'. [8].

A qualitative illustration of the physical content of

D~~ for isovector transitions can be obtained from
plane-wave (PW) considerations. In the PW approxima-
tion, D~~ is related to the ratio of the transverse spin
(t,' =t, +t, ) and longitudinal spin (t, =t, —2t, )
couplings, which are combinations of the isovector central
(t, ) and isovector tensor (t, ) components of the ef-
fective NN interaction including knockout exchange
terms [15]. Specifically, neglecting small isovector spin-
orbit and tensor exchange interference terms,

~here pJ and pJ are the transverse and longitudinal nu-

clear transition densities and J is the total angular
momentum transfer. The pJ for the transition of interest
has been determined from electron scattering [16] for 100
MeV/c ~ q ~ 800 MeV/c. For stretched transitions,

Ipjl /Ipjl =(1+1)/J to a very good approximation, so

D~/v is essentially independent of nuclear structure. This
allo~s for the determination of the relative strength of

the transverse and longitudinal spin components of the
eA'ective O'W interaction. In the meson-exchange picture
[. ,' and [,' are largely determined by the exchange of one n

and one p meson, respectively [17], and t,'/t, will be sen-
sitive to any modification of mesonic properties in the
medium.

The experiment was performed at the Indiana Univer-
sity Cyclotron Facility using the high-resolution K600
magnetic spectrometer to momentum analyze the scat-
tered protons. The incident 200-MeV proton beam polar-
ization was normal to the scattering plane and its orienta-
tion was automatically reversed every 30 s. The beam
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polarization was typically about 75% for each spin orien-
tation and was Ineasured continuously throughout the run

by monitoring p+d elastic scattering via two polarime-
ters in the beam line [3]. The polarization of the scat-
tered protons was measured by a polarimeter, based on

p+ C elastic scattering, mounted in the focal plane of the
spectrometer [4]. The ' B targets were 99.5% enriched.

Differential cross sections and analyzing powers were
measured for laboratory scattering angles of 7.5 to 80'
(q about 84 to 790 MeV/c). Induced polarizations (P)
and normal polarization transfer coefficients were mea-
sured from 20' to 60' (q about 223 to 625 MeV/c).
Cross sections and spin observables were extracted for
most of the states in the excitation energy region up to
about 6.5 MeV. Only the elastic scattering cross section
and the transition to the 0+ level at 1.74 MeV are dis-

cussed in this Letter.
The elastic differential cross section data together with

previously reported measurements, where no polarization
information was obtained [18], are shown in Fig. l. Only
statistical errors are shown in the figures. The systematic
uncertainty is estimated to be about 10% for the cross
sections. The elastic data are important since they pro-
vide the basis for estimating the distortion effects needed
to describe quantitatively the inelastic stretched transition
of primary interest in this work. There is additional in-

trinsic interest in the elastic scattering measurements
alone since ' B is a nonspherical nucleus with ground-
state spin Ig =3 and a large quadrupole moment Q
=8.47 ~ 0.6 e fm [19].

The solid curve in Fig. 1 is the result of a calculation
following the approach of Carpenter and collaborators
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[20], who have made realistic, microscopic single-
scattering model estimates of 0 and A~ for the scattering
of 200-MeV protons from five light nonzero spin nuclei

Li, Be, and ' ''B using the Hamburg g matrix [14],
with Cohen-Kurath [21] shell-model densities adjusted to
reproduce available weak and electromagnetic data, and

employing an approximate treatment of knockout ex-
change. The theoretical result is in reasonable agreement
with the data. The individual J=0-3 multipole contribu-
tions to the cross section are shown separately. The J=0
and J=2 multipole contributions, which are driven by
the spin-independent central and spin-orbit components
of the interaction, are clearly dominant. Since it is

known [22] that the Franey-Love (FL) t matrix [13]
gives a somewhat better representation of data for un-

natural parity transitions than the Hamburg g matrix,
additional calculations were made using the FL interac-
tion to generate the J=1 and 3 multipole elastic scatter-
ing potentials. This change produces no essential modi-

fication in the cross section result shown in Fig. l.
The a, A~, P, and DrvIv data for the 3+, T=O 0+,

T=1 isovector stretched transition are shown in Fig. 2.
The long-dashed curves in Fig. 2 are the results of DW
calculations based upon the FL interaction and the spher-
ical elastic scattering potential used to generate the re-
sults in Fig. I. The transition density was constructed
from a Woods-Saxon radial wave function [18] and the
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FIG. 1. The diA'erential cross section data of the present
work (circles) and of Ref. [181 (squares) for the elastic scatter-
ing of 200-MeV protons from ' B compared with a theoretical
prediction. The solid curve is the sum of the individual mul-

tipole. contributions: J=O (short-dashed curve), J=l (dash-
dotted curve), J=2 (long-dashed curve), and J=3 (dotted
curve) for the Hamburg g matrix.
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FIG. 2. The a, 8&, P, and D/vjv data for the 3+, T=O 0+,

T=l (l.74 MeV) Ohro stretched transition in the ' B(p,p ) re-
action at 200 MeV compared with theoretical results. The
long-dashed curves represent the results of DW calculations ob-
tained with the FL interaction. The short-dashed curves are the
results obtained with the composite x+p FL interaction with
m*/m =0.9; the solid curves are obtained with m*/m =0.9 and
the modification of the imaginary interaction components
shown in Fig. 3.
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Cohen-Kurath (p3g) shell-model amplitude [21], which

was adjusted slightly to fit the electron scattering data of
Ref. [17]. The FL interaction gives a reasonable descrip-
tion of the a, A~, and P data; however, this interaction,
which reasonably describes the Dz& data for free
nucleon-nucleon scattering near 200 MeV, clearly fails to
explain the DN~ data for ' 8. Additional results ob-
tained using the Hamburg g matrix to generate the tran-
sition scattering potentials are not shown. This interac-
tion gives a somewhat poorer representation of the data
than the FL interaction. We have also investigated the
sensitivity of the theoretical results to the approximate
treatment of the knockout exchange amplitudes and vari-

ations in the optical potentials. The main qualitative
features of the results are insensitive to these details.

D~~ is particularly insensitive to distortion effects for

~c.m. ~ 45'.
The theoretical predictions for DN~ are much more

negative than the data. The PW formula for D~~, Eq.
(1), indicates that enhancement of the iF,'/r, 'i ratio will

produce improved agreement between theory and experi-
ment. Just such an effect is produced by the nuclear
medium modification of the p-meson contribution to the
isovector spin-dependent central and tensor interaction
components suggested by Brown and Rho [8]. Specifi-
cally, in the z+ p picture of Ref. [81, the p coupling con-
stant is enhanced by (m/m*), where m* is the density-

dependent nucleon effective mass, leading to an overall

reduction of the magnitude of isovector tensor interaction
and an enhancement of the isovector spin-dependent cen-
tral interaction.

To illustrate the sensitivity of the present data to this

effect, we have examined a modified interaction in which

the real parts of the central and tensor components of the
FL t matrix were replaced by an equivalent n+p ex-

change model functional form [17]. The real parts of the
transverse and longitudinal spin-dependent components of
the composite n+ p FL interaction as a function of
momentum transfer q are shown as dashed curves in Figs.
3(a) and 3(b), respectively. These correspond to m*/m
=1.0. Also shown as solid and dash-dotted curves are
the real interactions obtained with m*/m =0.90 and

0.85. In the region q =1-3 fm ', it is seen that the real
transverse component increases slightly with decreasing
m*/m and the longitudinal component initially decreases
and then starts to increase again.

The results of distorted-wave calculations based on this
composite x+ p FL interaction with m*/m =1.0 are
essentially identical to those for the FL interaction shown

in Fig. 2. The short-dashed curves in Fig. 2 are the
scattering results obtained by using the interaction with
m*/m =0.9 [23]. The improvement in Dlv~ is clear, al-

though there is some deterioration in the quality of the
results for o, A~, and P. These defects can largely be re-
moved by making adjustments in the small imaginary in-

teraction components. As an illustration of this point, the
solid curves in Fig. 2 have been obtained with m*/m
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=0.9 and an adjustment of the imaginary components in-

dicated by the solid curve in Figs. 3(c) and 3(d). It is

significant that this final correction has the desired effect
on o, A~, and P at back angles (8, » 45', q» 2.3

fm ') but produces no change in Divz at q ( 2.3 fm

D~~ at low q is indeed determined primarily by iF, /F, i,
which changes by more than a factor of 6 at q = 1.6
fm ' as m*/m goes from 1.0 to 0.9. Systematics [1]
preclude such a large violation of the approximate
stretched-state constraint on the ipse'/pj's ratio, which also
enters Eq. (I).

In conclusion, the spin-dependent parts of the free
effective nucleon-nucleon interaction are not consistent
with the normal polarization transfer coefficient data for
the 06cu isovector stretched transition in' B. Given that

pJ for this excitation is well known from electron scatter-
ing, pJ is reasonably constrained by the stretched nature
of the transition, and the single-scattering model is reli-

able for 200-MeV protons, then these results provide a
clear signature of the need for an increase in the expected

i F, /F, i ratio for the effective nucleon-nucleon interaction.
The z+p model value of m*/m =0.9 obtained corre-
sponds to p = po/3, which is expected for a surface transi-
tion. Stephenson and Tostevin [11] and Hintz, Lellena,
and Sethi [10] have reported similar values in stretched-
state studies of spin observables data in ' 0 and cross
section data in Pb, respectively. It is intriguing that
these results are consistent with the theoretical suggestion
of Brown and Rho concerning modification of the p

q (fm ')

FIG. 3. (a) Modulus of real parts of F', for the composite
a+p FL interaction with m*/rn =1.0 (dashed curve),
m*/m =0.9 (solid curve), and m*/m =0.85 (dash-dotted
curve); (b) the same as (a) Ior 2,','(c) modulus of the imaginary
part of 1', for the composite sr+ p FL interaction (dashed curve)
and the modified imaginary interaction used to generate the
final results in Fig. 2 (solid curve); (d) the same as (c) for F', .
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meson in the nuclear medium. Measurements of the in-

plane polarization transfer coefficients for ' B are in pro-
gress to further study this issue. Additional work on the
consequences of these interaction modifications for other
transitions is also in order.
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