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ABSTRACT
Cross sections, analysing powers and spin-flip probabilities have been measured for in-
clusive inelastic scattering of 290 MeV protons from 3*Fe at laboratory angles between 3.1°
and 20°. The momentum transfers vary from small values (q ~ 0.2 fm~!) where individual
giant resonances of low multipolarity are observed, to larger values (q ~ 1.4 fm~!) where

quasielastic scattering dominates. Complete measurements of spin observables at 20° are
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discussed which show that present impulse approximation models based on either the Dirac
or the Schrédinger equation for the nucleon are not capable of reproducing all the data.
At all momentum and energy transfers the measured analysing powers A, are smaller than
predictions from nonrelativistic calculations. Relativistic calculations explain this reduc-
tion of A, for data near the quasielastic point (w = q*/2m) as an effect of the attractive
scalar field in the nuclear medium, however they fail to reproduce the observed slopes
(d(A,)/dw at fixed angle) assuming for the nuclear response a simple Fermi gas model.
For the observed range of momentum and energy transfers (w < 96 MeV at 20°, < 45 MeV
at smaller angles) the spin-flip probabilities S,, and spin-flip strengths 0S,, appear to
be rather insensitive to assumptions about the reaction mechanism and are qualitatively
described by a nonrelativistic model of quasielastic scattering which approximates the nu-
clear response by that of a semi-infinite slab with RPA correlations. Strongly enhanced
Spn values are observed for w > 25 MeV and ¢ ~ 100 MeV/c in agreement with similar
observations for several other nuclei. The slab model gives a reasonable account of cross
sections and angular distributions for the **Fe(n, p)**Mn reaction at 298 MeV. The inclu-
sion of damping of the response by 2 particle-2 hole excitations and of contributions from
two-step processes improves the agreement with the (n,p) data. Using the experimental
cross sections for (p,p’) and (n,p) reactions and the measured spin-flip strengths in (p,p’),
we have separated the nuclear response into spin (AS = 0, AS = 1), isopin (Ty = 1,2)
and angular momentum (L = 0,1,2...) components. The distribution and strengths of the
Gamow Teller, the isovector giant dipole, and the (isoscalar) giant quadrupole resonances
have been determined from this analysis and are compared to results from complementary
reactions. Relative to quasiparticle RPA calculations the Gamow Teller quenching factors

deduced from the 0S,, data are slightly smaller than those from (p,n) and (n,p) reactions.

NUCLEAR REACTION: *Fe(F,5"), E,= 290 MeV, cross sections, spin observables.

PACS numbers: 25.40.Ep, 24.50.+g, 24.70.+s, 25.40.-h
(submitted to Physical Review C)
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with a target nucleon and subsequently escape without absorption. A.;; is related to the
volume integral of the imaginary optical potential [15] and can thus be determined by
elastic scattering experiments. Several important effects on quasielastic (spin) observables
have been evaluated recently in the SISM by Smith and collaborators [15,16]. They are,
1) the influence of 2 particle-2 hole (2p2h) correlations on the response function Ssr; 2)
the contributions from two-step processes; 3) the choice of frame in which to evaluate the
NN amplitudes; 4) the effect of optical and spin-orbit distortions.

The large number of effects which are of significance in quasielastic nucleon scattering
make it highly desirable to establish a large data base to confront the theoretical models
with as many different observables as possible. We report here comprehensive measure-
ments for **Fe(p, p') at E, = 290 MeV. Some of these results have been reported previously
[9,12]. After a description of the experimental method used to obtain spin observables us-
ing the focal plane polarimeter at TRIUMF (section 2) we discuss elastic mnwznnmuw results
which determine distortion effects for the incoming and outgoing protons and which allow
us to deduce A.s; (section 3). A complete set of eight different observables at 8 = 20° is
discussed in section 4. We show that the spin-flip probability is rather insensitive to the re-
action model, and that the nuclear response function produces the dominant features in the
observed spin-flip probability S,,. In section 5 small-angle (p,p’) cross sections, analysing
powers and spin-flip probabilities are discussed together with 5*Fe(n, p) cross sections [17]
in terms of nonrelativistic surface RPA (random phase approximation) calculations. These
calculations evaluate the NN amplitudes in the Breit frame; they include 2p2h damping
and two-step processes but neglect the effect of spin-orbit distortions. Finally (see section
6) we exploit the well-known property of N-nucleus scattering that different angular mo-
mentum transfers L peak at well separated angles. Independent multipole decompositions
have been carried out for both the S = 1 and S = 0 strength functions. Estimates of
the location and integrated strength of Gamow Teller, of isovector giant dipole, and of

(isoscalar) giant quadrupole resonances are presented.

II. EXPERIMENT

The (p, p') experiments were performed in the proton hall at TRIUMF using 290 MeV
polarized protons from the TRIUMF cyclotron. A recently implemented configuration of
beamline 4B (BL4B) and the installation [18] of two new superconducting solenoids S1 and
S2 in the vault section of BL4 made it possible to use longitudinally (I) polarized beam
for the first time. A third solenoid S3 after the last bending magnet was used, without
S1 and S2, to precess the proton spin from the normal 7 to the sideways 3 direction.
The three components of the incident proton beam were determined using two in-beam
polarimeters [19] in separate beamlines (BL4A and BL4B) which differ by a 25° bend. The
in-beam polarimeters determine left-right and up-down asymmetries in pp scattering from
a CH, target at 6., = 17° using pairs of plastic scintillator telescopes. After subtracting
contributions to the individual coincidence yields from the C(p,2p) reaction the beam
polarizations were measured to an accuracy of typically 1% using a value [20] A, = 0.405
for pp scattering at 17° and 290 MeV.

For the § measurements the same sideways polarization was obtained by reversing
simultaneously the beam polarization at the ion source and the polarity of S3 in BL4B. By
averaging pairs of runs with the same sideways polarization P, the effects of small | and
i polarizations cancel, eliminating the need to know their precise values. In all cases the
large component was between 0.70 and 0.77 and the small components were less than 3%.

For small scattering angle measurements the proton beam was dispersed vertically
(dispersion = —7cm/%Ap/p) and stopped in a copper block 1.3 m downstream of the tar-
get. The target consisted of a 94 mg/cm? thick metallic foil isotopically enriched to 98% in
$4Fe. Scattered particles were identified and momentum analyzed in the medium-resolution
spectrometer (MRS), a 1.4 GeV/c quadrupole-dipole (QD) system with a vertical bend
angle of 60° for the central ray. In the dispersion matching mode an energy resolution
of about 160 keV was obtained, with a large contribution from energy straggling in the
target. At 6y, = 20° where no sharp features were expected in the missing mass spectrum

an achromatic beam with an energy resolution of about 500 keV FWHM was used. For
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axis such that the polarization at the focal plane (3", 7", I") is given by

w-: 1 C Q N- 'y
Puw|=]0 cosy siny P (6)
Pu 0 —siny cosy Py

where x is the Thomas precession angle of the proton spin
x=7(n-1a (M

with v the Lorentz factor and y = 2.792846 n.m. the proton magnetic moment. The bend
m..nmrw of the MRS, a = 60 % 1.5°, is determined for each position along the focal plane by
accumulating bend-angle distributions event by event.

The derivation of the spin observables from Equations 2-7 is straightforward. We give
the results here for completeness for the three types of incident beam. Since we find that
the beam polarization components at the target are reversed within experimental errors
when the polarization at the ion source is reversed we need to consider explicitly only a
single beam polarization (P,,P,,P;) where the main component is always large and positive.
For normal # and longitudinal { beam, the FPP polarizations P+ and P, are labelled by
the proton polarization at the ion source j = {f,]}. For sideways § beam an additional

label is needed to distinguish the solenoid polarity i = {p,m}. Note that {ij} = {p T}

refers to a beam with positive P, ~ 0.75. Values for the induced polarization P are’

obtained independently for each of the three beam orientations which can be averaged
with appropriate statistical weights to obtain improved accuracy for P. We also quote two
check relationships C,, and C,,, which should vanish within statistical errors and which

provide useful tests of the reliability of the FPP results.

a) sideways beam, P, »| P, |,| P |

p. .0+ P,A)(PY + P2y — (1 — P.A)(PR + PB}) ®
s’ = A&u.

Dot m}xmu;mu_vn:nm}xm...,.,_+w...§:€..._m.§x ©)
= 4P,siny

(14 P.A)PE + PRYY + (1 — PaA)) (PR} + PRY)
= v

n"

P 2 (10)
cosx
. ol L pml _ ml _ ppl
C. = (14 P,A))(PE + Pl VMC P, AP + P&) ~0 (1)
b) normal beam, P, >| P, |,| P |
(1+ P,A,)PL. — (1 = P,A,))P} — 2D, P,siny — 2Dy Pisiny
D, = Y 4 (12)
n 2P, cosx
po (1t P,A,)Pl. + (1 - P,A,)P!. (13)
- 2cosx
1 _ !
Cor = (1+ P,A)P, M (1-P,A)P,. ~0 (14)
c) longitudinal beam, P, >| P, |,| Pa |
D = (1+ P.A,)Pl. — (1 = P,A,)P}, — 2D, P,cosx — 2D, P,sinx (15)
= 2P;siny
_(1+P,A)PL —(1-P,A)P. —2D,,P,
.U?. = Mm Awmv
po (1t P,A,)PL. +(1 - P,A,)P.. an
2cosy

The equations 9, 12, 15 and 16 contain on the right hand side products of D;;’s and
small beam polarization components. They can be solved iteratively by initially ignoring .
these small terms. The spin-flip probability S,, is related to the polarization transfer
coefficient D,,, by

Snn = (1= Das)/2 (18)
III. ELASTIC SCATTERING AND 4,

The cross section for inelastic scattering depends critically on the distortion of the
incident and the scattered nucleon. In the surface-peaked reaction the effective number of
nucleons participating in a single hard scattering, Ay, can be estimated from the optical

distorting potential which can be determined by elastic scattering. In the eikonal limit [4]

Ay = [ @ TE) emonnTO (19)

10
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Fermi gas momentum distribution for the struck nucleons. These momenta p; range up to
the Fermi momentum kr = 270 MeV /c.

In Figure 2 the experimental spin observables are compared to the relativistic calcu-
lations published previously [12]. The solid lines include the mean field shift of the mass
and enhanced lower components whereas the dashed line assumes m* = m. The most
striking feature of the data is the variation (mainly a decrease) of the spin observables
with increasing w. This variation is reasonably well reproduced by the calculations for
D,y, Dy, and D,,, but not for (—D,;). We understand the slopes in these quantities as
a purely kinematic effect. If we denote the momenta of incident and scattered nucleon by

{k,,#,} and those of the struck nucleon by {5, 7’} the four-momentum transfer is
w=E;~-El=FE,-E; (24)
§=F-Fi=fs
¢* = k* + k2 — 2k K" cosblqy
For each momentum p, and azimuthal angle ¢ between ¢ and p, the NN amplitudes have

to be evaluated at an effective laboratory kinetic energy

ul»:dnlm_.m.mlm—.wulan

1y
= 2m m

(25)

and an effective center-of-momentum scattering angle

11\ 3
tan Amlm...v = Aw + um..umﬂv tan (6iq5) (26)

As w varies different target nucleon momenta p; and effective laboratory energies T;'/ are
sampled. If a particular NN spin observable varies with energy for pp and/or pn scattering
the same observable in (p,p’) will exhibit a slope versus w.

From such kinematic considerations one expects little variation with w for D,,, P and
Ay, in obvious conflict with the data. We shall see in the following that the slopes for
these observables arise from the residual interaction which is neglected in the simple Fermi

gas model assumed in the RIA. Before the relativistic RPA is developed and incorporated
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into the RIA the present RIA calculations should be compared to the data only near the
quasielastic point w, = ¢?/2m =~ 40 MeV. We observe that the effect of the enhancement
of the lower Dirac noivougo goes in the right direction for every observable with the
exception of D,, where there is essentially no relativistic effect. The reduction of P or
A, at the quasielastic point is quantitatively reproduced by the RIA, in agreement with
previous observations [9,10,11,12]. This reduction of A, or P at present cannot be explained
by any other mechanism and appears to be a purely relativistic signature. The relative
insensitivity of D, or S,, to Dirac effects validates the nonrelativistic analysis of spin-flip

strength presented below.

Nonrelativistic semi-infinite slab model calculations

The surface character of the (p,p) reaction is an essential feature which is not included
in the RIA. It is incorporated in the SISM of Bertsch, Scholten and Esbensen ._5.:_
who model the nuclear surface as a semi-infinite slab of nuclear matter with a surface
potential chosen similar to typical finite-nucleus optical potentials. The response function
Ssr(g,w) which is constructed from the SISM eigenstates and the probing field near the
surface includes the effects of the residual interaction Ven in an RPA framework. The
residual interaction is strongly attractive in the T = 0, S = 0 channel and shifts the
response function dramatically towards lower w [13,14,16). Vonis weakinthe T=0,S =1
channel and repulsive in both the T =1, S = 0 and the T = 1, S = 1 channels. The
corresponding shifts in the response function have a direct impact on the predicted cross
sections d%0/dwdf) (see equation 1). Whether a particular spin observable is modified
by the residual interaction depends on how the related NN observable varies versus v y2dd
when separated into S=1 and S=0 channels. The effect of including 2p2h damping in the
RPA response has been estimated by Smith and Wambach [15,16] using the formalism of
Droidz et al [30]. In all but the T=0, S=0 channel where there is no 2p2h effect, the
response function is reduced at moderate w and shifted towards high w. For Gamow Teller
excitations (T = 1, S = 1) 2p2h damping has been invoked by Bertsch and Hamamoto [31]

to explain the quenching of L=0 strength in (p,n) reactions on heavy nuclei. The effect of
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V. SMALL-ANGLE (p,p’) AND (n,p) RESULTS AND THE SISM

In the following section we discuss in terms of the SISM cross sections, analyzing
powers and spin-flip probabilities measured between 3.1° and 15° for (p,p’) at 290 MeV
and cross sections between 0° and 12° for **Fe(n,p) obtained by Vetterli et al. [17] at 298
MeV. Comparisons with the RIA will not be shown since it does not include effects of the
residual interaction which strongly modify A, and S,.. The SISM results were obtained
by evaluating the NN amplitudes in the Breit frame. This is justifiable only for A, and S,,
since the T;’! values associated with small energy and momentum transfers in the Breit
frame adequately simulate Fermi momentum averaging (see Figure 6). The main reason
for using the Breit frame over the optimal frame is the greater reliability in predicting
strength and spin-flip strength distributions.

The spin observables A, and S,,, are shown in Figures 7 and 8, respectively. In these and
the following figures the free response is represented by short-dashed lines. The SISM RPA
response including 2p2h damping and two-step contributions is represented by the solid
lines. Although the slope of A, versus w is well reproduced by the SISM the calculations are
above the data at nearly the complete range of momentum and energy transfers. As was
already discussed in the previous section this is a strong indication that the NN interaction
at nuclear densities differs from the free NN interaction, an effect which is implied by the
- RIA.

The qualitative features of the spin-flip probability S,,, i.e. the decrease from the
free NN values towards small w and the rise towards large w, is well reproduced by the
SISM . This can be understood if one distinguishes the cross sections 075 and spin-flip
probabilities ST according to isospin and spin transfer {T,S}. Since ST¢ ~ 0 we may
write

. zron'sh
Sun e ELE 28 (28)

Because of the strongly attractive residual interaction in the T=0, S=0 channel, 6% dom-
inates at small w and forces S,, to vanish. This, and the repulsive residual interaction Vou

in the S = 1 channels causes the rise of Snn at large w. At the highest w, for intermediate

17

angles, Sy, is significantly enhanced relative to the free values, and this strong enhance-
ment is not predicted by the SISM . The enhancement of S, has first been discussed by
Glashausser et al [35]; it was shown that it corresponds to a nuclear response which is
more than 80% S = 1 in this region. It has been observed at similar values of ¢ and w in a
variety of (p,p’) experiments on '2C at 319 MeV [34), Mg at 250 MeV [22], °Ca at 318
[35) and 800 MeV [34], “/Ca at 290 MeV [34], and ®Zr at 319 MeV [36]. The persistence
of the enhancement at similar g for different target nuclei and to values of w as large as 75
MeV [34] seems to rule out that it can be associated with a particular multipolarity.

One may speculate that the enhancement of S,, is either the result of depletion of
the S = 0 strength (0% + ¢'°) or of an enhancement of the S = 1 strength (¢® + o).
In principle this can be decided from a comparison of predicted and measured spin-flip
strengths

0Smm = Y oT'ST {29)
which do not involve the S=0 channels. In m,mM:Rm 9 and 10 we show the cross sections and
spin-flip cross sections together with the free response (dashed lines) and the predictions
of the surface RPA (solid lines).

In Figure 11 we show explicitly for one angle (10°) the effects of 2p2h damping and
of two-step contributions on cross sections (top) and spin-flip cross sections (bottom). In
Figure 11 predictions for the free response (short-dashed) and for two-step contributions
(long-dashed lines) are shown separately. The cumulative effects of the 1plh RPA and
two-step contributions (long-dashed curves), and of 2p2h damping (solid curves) are also
shown. Inclusion of the 1plh RPA correlations causes substantial shifts for both o and
0Snn. The 2p2h damping and the two-step contributions are more significant for 0 S,,. At
large w values the predicted values of 0S,, (Figure 10) are too small for all angles except
for 15°. The predicted cross section o (Figure 9) is underestimated at small angles and
somewhat overestimated at large angles and high w. At small momentum transfers for
w < 20 MeV the nuclear response exhibits giant resonances of low multipolarity which

depend sensitively on nuclear size and shell structure. In these regions the SISM response
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can be calculated quite reliably. The (n,p) reaction is purely isovector and at these energies
90% dominated by S = 1 as can be seen from the NN amplitudes [20]. Furthermore, the
residual interaction is repulsive in both the T=1, S=0 and T=1, S=1 channels and therefore
should cause no w dependence of ST=!. This is confirmed by S,, measurements for (p,n)
reactions at 0° [44,45] which show values close to the free NN values over most of the w
range (the exceptions are discrete states such as the isobaric analog state which cannot
be populated in (n,p) reactions). The Ty = 2 part of the spin-flip strength was calculated
separately for L=0 and higher multipoles. The multipole decomposition of the (n,p) cross
sections [17) was used and SI=! was obtained either from the SISM (for L>1, see Table
IIT) or from DWIA calculations (for L=0). The resulting spin-flip strength in (p,p’) is
shown in Figure 15 together with histogram columns representing the Ty = 2 components.
Because of the absence of the strong isoscalar S=0 channel the Ty = 2 component is now

a substantial fraction of the total spin-flip strength.

Multipole decomposition of S=1 strength

The decomposition of the spin-flip strength distributions of Figure 15 into angular
momentum transfers L makes use of the well-known fact that cross section maxima for
larger L values occur at larger momentum transfers. Theoretical angular distributions were
generated for each multipole using the DWIA. To estimate the systematic uncertainties

- in the extraction of the multipole components we have used transition densities for two
different shell model configurations. For decomposition (A) we have calculated the L=0
part as the sum of all 1* states connected to a pure 7[f7/2]°v[f7/2]® ground state. This
model] corresponds to the Tamm-Dancoff approximation (TDA) without RPA correlations.
With the shell model code OXBASH [46] and the residual interaction of van Hees [47] we
obtain six Ty = 2 states between E, = 8.3 and 12.9 MeV, and 18 T = 1 states between
E, = 3.96 and 11.57 MeV. For the latter states we have ignored the interference from the
isoscalar part of the NN interaction which is poorly known [22] at nuclear densities and
which may introduce an uncertainty of perhaps £20% in the calculated cross sections. For

the higher multipolarities we have assumed simple final states: L=1: Fo\_». goy2h- 3 L=
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2: [f;}fs/2s+. The nonrelativistic optical potential of Table II was used to compute
angular distributions of oS, for E, = 0—50 MeV in 10 MeV intervals. Interpolated shapes
for 1 MeV wide energy bins were used to fit [17,48] the experimental angular distributions.
Typical results are shown in Figure 16. In Figure 17 we show the spin-flip strength at 3.1°
together with the L=0 component (hatched area, lower panel) and at 5.0° with the L=1
component (upper panel). The spin &.vo_a response is mmamrﬁ in shape to that observed in
40Ca [43). The L=0 components above w = 14.5 MeV are not shown since they are only a
small fraction of the total ¢S, and vary widely from bin to bin. At 6.m = 3.18° the sum
of the L=0 spin-flip strength between 4.5 and 14.5 MeV is (do /dQ)cm = 2.6 £ 0.3 mb/sr
where the error includes uncertainties from counting statistics and from the decomposition.
The centroid of the L=0 strength distribution is at ~ 10.3 MeV which is comparable to
the 201 MeV (p,p’) data of Djalali et al [49] (S=1, L=0 centroid at 10.04 MeV) and the
(e,¢') data of Eulenberg et al [50] (B(M1) centroid at 10.5 MeV) but substantially higher
than 8.6 MeV, the TDA prediction. The difference arises from the absence of significant
Ty =1, 1% strength below 8 MeV in the experimental spectra.

In a second decomposition (B) coherent states of a particular L,J were constructed [51]
by applying an operator rf[Y, x o], to the simple h\.» ground state. From these states
a single L = 1 angular distribution was obtained from the sum of 07,1~ and 2~ coherent
states, and similarly for L=2 and L=3. The L=0 angular distribution arises in this model
from a single \«a\—» fs/2 transition amplitude. The 6. = 3.18° L=0 component between 4.5
and 14.5 MeV amounts to spin-flip strength of (do/dQ)cy = 2.4 £ 0.3 mb/sr independent
of whether L=3 components are included in the decomposition or not. The L=1 strength
is spread out over tens of MeV and varies substantially depending on whether L > 2
multipoles are included or not. )

The average of the L=0 strength from decompositions (A) and (B), at 6 = 3.18° and
between 4.5 and 14.5 MeV excitation, is (do/dQ)cy = 2.5 £ 0.3 mb/sr. From the (n,p)
results of Vetterli et al [17] we estimate that the Ty = 2, L=0 differential cross section
in this energy interval is (1.9 + 0.1) mb/sr. This estimate takes the Coulomb shift of 8.6
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amplitudes.

The QRPA quenching factors of x0.65 are comparable to those for the low-energy exci-
tation region in (sd) shell nuclei [21,22,59] where untruncated (sd) shell model calculations
are available. The structure calculations agree with experiment if an effective axial-vector
coupling constant (ga/gy)es & 1 is used. The cause of the quenching of GT strength
may be attributed to 2p2h damping [30,31] (for which we have provided some evidence in

section IV) and/or to coherent A-hole excitations [60].

Multipole decomposition of S=0 strength

The determination of the S=0 strength requires subtraction of the S = 1 component
- from the (p,p’) cross section o. This subtraction is model dependent since Snn differs from
unity for pure S = 1 transitions. We define a quantity S5 (a in [43))

01 ¢01 1111
%S0 + 01151

%.mn~ =
nn 09 4 gl

which can be calculated in the surface RPA model. The values for $5=1 shown in Table V
are very similar to those for ST=1 (see Table I1I) since both are dominated by the spin-flip

isovector NN amplitudes. The S=0 cross sections

AQ.M._.:._ vnuv
ss

are shown in Figure 19 for the five angles of the experiment.

0S=0 = Oezp —

We have carried out a multipole decomposition of Os=0 similar to the one described
previously for 6S,,. The angular distributions for the multipoles L=1-4 were generated
using the coupled channels program ECIS79 [61] which includes Coulomb excitation and
relativistic kinematics. We did not include & giant monopole resonance because it is found
to be anomalously weak in “°Ca and %Nj [41). A first order vibrational model was used
in the collective DWBA calculations as described elsewhere [42]. The transition potential
arises from the distortion of the five separate terms of the optical potential (real, imag-
inary, real spin-orbit, imaginary spin-orbit, and Coulomb). The magnitude of the cross

sections is proportional to the square of deformation lengths (8 R), where the R = r. AV
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are appropriately chosen radii for each of the five potentials. For giant resonances it is
customary [40] to express the deformation lengths in terms of the energy weighted sum
rule (EWSR) strengths as

8th? NZ
BR)=—"—2F L=1

2rh? L(L + 1)
(BuR) =T £E, 122

The angular distributions for each multipole are calculated assuming that 100% of the
EWSR is concentrated at each energy bin. A least-squares fit of the 0= data give di-
rectly the fraction of the EWSR for each multipole and energy. By carrying out multipole
decompositions with various different multipole combinations (L=1,2,3,4) we have esti-
mated the systematic error associated with the decomposition. Higher multipoles (L>3)
are unreliable because of the limited angular range of the data.

The results from one of these decompositions (L=1-4 included) are shown in Fig. 20.
The isovector giant dipole resonance (IVGDR) is found to peak near 19.5 MeV but persists
to higher excitation in agreement with previous photoabsorption data for 54Fe [62). The
summed dipole strength between 13-25 MeV is (88 +7)% EWSR, and between 13-30 MeV
is (123£12)% EWSR. The dipole strength is qualitatively similar to that found in this
mass region by photon absorption experiments (63].

The quadrupole strength has a maximum near 16 MeV in agreement with previous
(p,p’) data for **Ni [41]. The isoscalar character of this resonance can be inferred from a
comparison with other probes, e.g. (a,a’ ) [64]. The quadrupole strength strongly depends
on whether L=3, or L=4, or both, are included in the decomposition. For the 11-22
MeV region the summed quadrupole strength is estimated to be (55+13)% EWSR. A
similar amount of quadrupole strength, (50£10)%, has been found in *Ni(p,p’) [41]. The
quadrupole strength above 23 MeV depends on the decomposition and is compatible with
zero.

We emphasize that in contrast to some previous (p,p’) giant resonance analyses [41,42)

no adhoc separation of the cross section into resonance and background contributions had
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Fig.1.
Fig.2.
Fig.3.
Fig.4.
Fig.5.
Fig.6.
Fig.7.

Fig.8.
Fig.9.

Fig.10.
Fig.11.

Fig12.

Fig.13.

FIGURE CAPTIONS

Cross sections (top) and analyzing powers (bottom) for elastic scattering of 290 MeV protons
from 54Fe. The results of Dirac and Schrédinger fits to the data are shown as solid and dashed
lines, respectively.

Complete spin observables for inclusive proton scattering from 54Fe at 20°. The dashed lines
correspond to the Fermi-gas response using free NN observables. The solid lines include the
enhancement of the lower Dirac components for both target and incident proton.

The same data as shown in Fig. 2 are compared to predictions of the SISM. The dashed
lines correspond to the free response, the solid lines include the nuclear RPA response and
two-step contributions as described in the main text.

Spin observables P and A, (top) and Dy, (bottom) at 20° are compared to predictions
of the SISM . Theoretical curves are for the free response (short-dashed lines), and for the
cumulative effects of the 1p1h RPA (long-dashed), of 2p2h damping (short-long dashed), and
of two-step contributions (solid lines).

Effective laboratory energies for quasielastic scattering at various scattering angle and w
values evaluated in the optimal (solid lines) or Breit frame (dashed lines).

The effect of Fermi-momentum averaging on the spin observables of Figs. 2 and 3 assuming
the free NN response. The results were obtained by explicitly summing over the momenta
of a Fermi gas (solid lines), or by assuming optimal frame kinematics (short-dashed lines),
or Breit frame kinematics (long-dashed lines).

Analyzing powers compared to SISM predictions. The dashed lines correspond to the free
response, the solid lines include the nuclear RPA response and two-step contributions as
described in the main text.

Spin-flip probabilities compared to SISM predictions. The curves are explained in the caption
of Fig.7.

Cross sections compared to SISM predictions. The curves are labelled as in Fig. 7. The
two-step contribution are shown as long-dashed lines.

Spin-flip cross sections compared to SISM predictions. The curves are labelled as in Fig. 9.

Cross sections (top) and spin-flip cross sections (bottom) at 10° are compared to predictions
of the SISM. The free response (short-dashed lines) and two-step contributions (long-dashed
lines) are shown separately. The cumulative effects of the 1p1h RPA and of two-step contri-

butions (short-long dashed lines), and of the further effect of 2p2h damping (solid lines) are
also shown.

Cross sections for the **Fe(n, p) reaction compared to predictions of the SISM. The curves
are labelled as in Fig. 9.

The 54Fe(n, p) cross section at 8°. Theoretical curves are labelled as in Fig. 11.
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Fig.14.

Fig.15.

Fig.16.

Fig.17.

Fig.18.

Fig.19.
Fig.20.

Cross sections for inelastic proton scattering from %4Fe at 290 MeV. The histogram columns
show the population of Ty = 2 final states deduced from the (n,p) reaction. No (n,p) data
were available for angles larger than 12°.

Spin-flip cross sections for inelastic proton scattering from 5‘Fe at 290 MeV. The histogram
columns are explained in the caption of Fig. 14.

Multipole decomposition of the (p,p’) spin-flip cross sections at three different values of w.
The curves represent the L=0 (short dashed), L=1 (long dashed), L=3 (short-long dashed),
and total (solid lines) angular distributions.

Spin-flip cross sections at 5.0° and 3.1°. The cross-haiched areas show the L=1 (top) and
L=0 (bottom) contributions. The L=0 fraction at w > 15 MeV is not shown because of large
systematic errors in the multipole decomposition.

Gamow Teller quenching factors for (p,n), (p,p’) and (n,p) reactions on **Fe and various
theoretical models described in the main text.

The S=0 cross sections at five angles obtained after subtraction of the S=1 cross sections.

The S=0, L=1 (bottom) and S=0, L=2 (top) strengths in 54Fe(p,p’) expressed as fractions
of the respective energy weighted sum rules.
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