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Predictions of total and total reaction cross sections for nucleon-nucleus scattering up to 300 MeV
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Total reaction cross sections are predicted for nucleons scattering from various nuclei. Projectile energies up
to 300 MeV are considered. So also are mass variations of those cross sections at selected energies. All
predictions have been obtained from coordinate space optical potentials formed by full folding effective
two-nucleon {IN) interactions with one-body density matrix elements of the nuclear ground states. Good
comparisons with data result when effectiM® interactions defined by medium modification of friséN t
matrices are used. Coupled with analyses of differential cross sections, these results are sensitive to details of
the model ground states used to describe nuclei.
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[. INTRODUCTION of protons. Recently a link has been made between the neu-
tron distribution in heavy nuclei, such 8&Pb, and proper-
Reaction cross sections from the scattering of nucleons bifes of neutron starfbs,6] so heightening the need for analy-
nuclei (stable and radioactiyeare required in a number of ses to ascertain the optimal neutron distributions in such
fields of study; some being of quite current intergst An nuclei. Analyses of proton elastic scattering angular distribu-
example is the transmutation of long lived radioactive wastdions particularly for 200 MeV protons seem to be one such
into shorter lived products using accelerator driven systemsethod7]. Considering the integral observables of both pro-
(ADS). These systems are being designed in the U.S., Euon and neutron scattering from a given nucleus is another
rope, and Japan with the added objective of providing arand certainly it will give direct information on the neutron
intense neutron source to a subcritical reactor as a newns radius; a property sought in new parity-violating elec-
means of energy production and for which nucleon-nucleusron scattering experimenfs, 7.
reaction cross sections are required as well. The technology However, mostNA reaction cross sections cannot be,
takes advantage of spallation reactidi® within a thick  have not been, or are unlikely to be, measured. Thus a reli-
high-Z target(such as Pb or Bj where an intermediate en- able method for their prediction is required. The usual ve-
ergy proton beam induces nuclear reactions. The secondahjcle for specifying theseNA total reaction cross sections
nuclear products, particularly lower energy neutrons and prohas been théNA optical potential; a potential most com-
tons[3], in turn induce further nuclear reactions in a cascadanonly taken as a local parametrized function, usually of
process. The total reaction cross sections of nucleon-nucleoods-Saxon type. However, it has long been known that
scattering plays a particularly important role since the secthe optical potential must be nonlocal and markedly so, al-
ondary particle production cross sections are directly proporthough it has been assumed also that such nonlocality can be
tional to them. Also they are inputs to intranuclear cascadaccounted by the energy dependence of the custo(pher
simulations that guide ADS design. Nucleon-nucleNsAf nomenological models[8]. Of more concern is that the phe-
cross section values at energies to 300 MeV or more arsomenological approach is not truly predictive. The param-
needed not only to specify important quantities of relevanceter values chosen, while they may be set from a global
to proton and neutron radiation therajgl], but also as they survey of data analyses, are subject to considerable uncer-
are key information in assessing radiation protection for patainties and ambiguities. This is especially true for the optical
tients as well. potentials for nucleon scattering fronp&hell nuclei where
In basic science, these total reaction cross sections ar® such global approach is valid.
important ingredients to a number of problems in astrophys- We consider a predictive theory ®fA scattering to be
ics, such as nucleosynthesis in the early universe and fayne that is “direct” in that all quantities required are defined
aspects of stellar evolution, especially as the density distria priori. Thus each result must come from just one run of
bution of neutrons in nuclei are far less well known than thatrelevant codes, and there should be no post-evaluation ad-
justments save for allowance of knowarpriori uncertainties
in the specification of the input information.
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ground-state density of the target, appropriate interactions dfcle (SP) functions hereafter. All details and the prescription
that projectile with each and every nucleon within the of solution of the associated nonlocal Satfirmer equations
nucleus. Over the past decade or more, such microscopare given in the revieJ8].

approaches defining theA optical potential have been quite ~ The results to be discussed have been found by solving
successful in predicting elastic scattering déddferential  the actual nonlocal Schdinger equations defined with po-
cross sections in particularStudies forming the optical po- tentials as giver{formally) by Eq. (1). Two formulations of
tential in both momentum and coordinate space have beehose optical potentials have been used. They and the results
made with succed$8]. In the coordinate space approach, andare identified by the appellationg,andt folding, according

for analyses that are based upon th&BA programs of that the effectiveNN interactions have been defined by their
Raynal[9,10], the projectile-target nucleon interaction takesmapping to the BBGg matrices or to the basic fredN

the form of a complex, energy and density dependent, effecscatteringt matrices, respectively. The latter are solutions of
tive NN interaction. Of those programswsAgs has been Lippmann-Schwinge(LS) equations. In both cases, the driv-
used to evaluate all of the cross sections shown later hereiing NN interaction has been the BofhNN potential[11].
Appropriate effective interactions can and have been defined From practical necessity the model descriptions of nuclei
that, upon folding with good structure wave functions of nu-in the mass range 3—238 vary in complexity. With the light
clei, give credible optical potentials. Using those optical po-mass nuclei A<12 for examplg, quite large and complete
tentials, differential cross sections and spin observables suahell model spaces with potentials either fitted or formed as
as the analyzing powers for proton scattering at many eneiG-matrix elements have been mafie2—14. While large

gies in the range 40—800 Me{@5 and 200 MeV in particu- space model studies of heavier nuclei are being sought, the
lar) and from diverse targets ranging frothle to 2% have  dimensions of the problem preclude our use of all bitw0
been predicted and found to have excellent agreement witbhell model specifications for most heavier nuclei. Indeed,
data. Moreover, and very recenfly], it has been shown that for targets heavier than mass 90 we have used an even sim-
analyses of differential cross sections of proton elastic scaipler, packed shell, definition of their ground states. Neverthe-
tering can select between alternative model predictions of thiess with such model prescriptions and using harmonic oscil-
neutron rms radius irf°Pb; such are sensitive also to the lator (HO) SP functions with oscillator energies selected

istributi i 1 -
surface distribution of its neutron matter. according to arA™ 3 rule, very good predictions of the scat-

The microscopically formed optical _potenuals are Com'tering of 65 and 200 MeV protons have been obtained for all
plex and energy-dependent from the like properties of th%ut the light mass nucld8]. However, 2°%b and“’Ca are
effectiveNN interaction[8]. Such properties arise from map- special cases. Recentl§,7] ' a Skyrme,-Hartree-Foc(SHF)
ping the effective interactions N g matrices that aré S0 model of those nuclei v;/a,s made and OBDME required in
lutions of the Bruckner-Bethe-GoIdstor(BBG) quatlons _our folding procedure were extracted. The associated density
for nuclear matter. The BBG equations carry medium mOd"distributions vary noticeably from that given by the HO

fication of theNN scattering due to Pauli bIopkin_g and tp a (packed shell model and, not surprisingly, so do proton dif-
background mean field. Details of the effective |nteract|onsferentia| cross sections.

of the folding process that gives tfieonloca) optical poten- For nuclei with A<12 typically, better spectroscopy is

t|_a|, and_ of the succe_ssful predlctlons_ found therefrom Ofneeded. So also are more realistic matter distributions for
d|ﬁerer)t|al cross sections. and analyzmg powers fm“ﬁ the'studies with light mass exotic nuclei, such as of radioactive
scattering of .proto.ns at Q|verse energies and from dIVersBeam scattering from hydrogen. For example, the reaction
targets, are given in the literatuf8]. cross section for 408 MeV ®He scattering from hydrogen
[15] varies from 350 mb, found whefHe has a neutron skin
Il. ELEMENTS OF THE OPTICAL POTENTIAL as expected with a standard shell model description, to 406
FOR NUCLEON SCATTERING mb when that distribution is extended further to be classified

as a halo by choosing valence neutron SP functions consis-
tent with the single neutron separation energyife. The
measured value is 46921 mb[15,14.

Formally, the nonlocal optical potentials from a first-order
folding model can be written as

U(rl,rz;E)=; §n[ 5(r1—rz)f @n(8) vp(ris) @n(s) ds lIl. PHASE SHIFTS, S MATRICES, AND OBSERVABLES

Irrespective of the means used to defé optical po-
+on(r) vedr) (Pn(rz)] tentials, the objective is to define tt@matrix, or equiva-
lently the (complex phase shiftss, (k), where the super-

scripts identify the valueg=1=+1/2. These relate by
S Up(rE)ar =)+ UgrrB), (1 SCrPisident

) — w208 (K)o * 2iR[5 (K)]
wherevp ,vg, are combinations of the components of the S (kj=e™ i (kje T 2
effective NN interactions,{, are ground-state nucleon shell wher
occupanciegmore generally they are the ground-state one- ere
body density matrix elementfOBDME)], and ¢,(x) are . . S
nucleon bound state wave functions; denoted as single par- o (k) =S (k)|=e" 2L (W], 3
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With Exk?, the elastic, reactiofabsorption, and total cross
sections, respectively, are then given by

o

oe(E)= 2 |:zo {1+DIS (W —12+1]S (k) - 1|7},

Gy ()

oR(E)= % 3 A+ DL 7 (02177 (071,

and

o1or(E)=0e(E)+ or(E)
% 0100 200 —T00 200 300

2
=k—72’§0 ((1+1){1— 7 (K)cos 27 5 (K)])} E, (MeV)

B B FIG. 1. Energy dependencies of for proton scattering from
+H{1— 7 (K)cog2R[ 6 (K)])}). (@ °Li, (b) °Be, (c) *°C, and(d) *®0. The solid curves are predic-
tions made using-folding optical model calculations while those
found usingt-folding optical potentials are displayed by the dashed
curves.

The scattering amplitudes are theix2 matrices in the
nucleon spin space and have the form

f(6)=g(6)+h(6)e-n, ) were used to define their ground-states, and in some cases
where the interaction potentials defined @&matrix elements of a
realistic interactiorf12]. In shell model studies using those
. _ G-matrix elements, the oscillator energy «) for the SP
Z() {(+DIS ()~ 1]+1[S (k) —111Pi(6), functions is also specified. As stated earlier, the cases of
20%h and#%Ca are special in that we have used structure
information taken from recent SHF studigs7].

9(0)=

x| =

1
h(6)=7 2 [S7(0 =S (WIPH(6). (5)

. . A. Energy variation of proton total reaction cross sections
In terms of thesécompleX amplitudes, thdelastic scatter- ] ) o
ing) differential cross section is defined by In this section we present our predictions of the total re-

action cross sections for proton scattering up to 300 MeV for
diverse nuclei, ranging in mass frofLi to 2°%. In all

g
d—Q=|g(0)|2+|h(0)|2, (6)  cases, at least two calculations were made. The first of these
used the effective interaction defined from theatrices of
and the analyzing powek,(6) by the BonnB interaction while with the second, that built upon

the associategy matrices was used. Comparison of the re-
) sults of each pair of calculations demonstrates the effects in
da/dQ ' predictions due to the medium modification to the fi¢N
interaction that define thg matrices. The ensuing and
g-folding results are portrayed in the figures by the dashed
and solid curves, respectively.
All results we show have been evaluated using the As noted, the structure models of the light mass nuclei
DWBA98 program[10], input to which are density-dependent involve diverse completdls w bases. For the lightestLi, a
and complex effectivéNN interactions having central, two- complete (O+2+4)%» model of structure has been used,
nucleon tensor, and two-nucleon spin-orbit components. Thevhile for °Be and*’C the OBDME have been defined from
effective interactions we use have been generated for enecomplete (O-2)% w shell model calculationgl7]. In addi-
gies from 10 MeV to over 300 MeV in 10 MeV steps by an tion we have calculated the reaction cross sections from
accurate mapping tN tandg matrices found by solutions  185n and**°Tb allowing the outeneutron shell to have a
of the LS and BBG equations respectively and based usuallgmaller (15-20% harmonic oscillator energy. By that
upon the Bonm\NN potentials. Details are given in the review means, the neutron surface of each is slightly more extended
[8]. than with the basépacked shellmodel forms; a very simple
Other input tobwBA9s are the ground-state occupanciesallowance for any effect of ground-state deformations. This
(or OBDME) and the associated SP functions. The SP funcidea for varied surface SP functions within an HO model has
tions used in most of the calculations for nuclei of mass 2(een used in the guise of a two-frequency shell mo8).
and above at best come from &® shell model that has Our wave functions are not so well determined of course.
been adopted to describe their ground-state occupancies. For The results for scattering froffLi, °Be,*?C, and from*®0
the lighter mass nuclei considered, larger shell model spacese displayed, respectively, in segmetds (b), (c), and(d)

2R[g*(O)h(6
a(0)= 2L (O]

IV. RESULTS OF CALCULATIONS
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TABLE |. Data source table for proton and neutron reaction data
used.
Nucleus Proton referencém year order
6 [19,20
°Be [21,19,22,23,24,25,26,27 b1
2c [21,28,29,30,48,19,49,31,32,23,50,24,26,2]7,51
150 [33,24,2Q
19 [33,20
27pl [21,28,30,48,34,19,33,22,32,39,36,23,50,2,26
40ca [19,37,23,38,20,51
83cu [29,39,49,22,40,32,35,36,23,41,42, 24 i T ]
Zr [22,23,41,50 0 I00 200 00200 300
1183n [30,48,22,23,41,24,43,51 E, (MeV)
19%ce [44]
159Th [23,45 FIG. 2. Energy dependencies afg for proton scattering
18174 [22,23,45 frpm (@ °F, (b) ?7Al, (c) *°Ca, and(d) ®3Cu. The notation is as for
1978 [19,22,32,35,23,42,45 Fig. 1.
208y [28,30,48,49,37,36,23,50,24,25,20,51
=y [21,23 within the energy regime below 200 MeV. But some data,

notably at 61 Me\[48] and at 77 Me\[49] MeV with °C,
are in disagreement with both calculated results.
of Fig. 1. The experimental data shown therein were taken Predictions for proton scattering froniF,2’Al, “°Ca, and
from the references listed against those nuclei in the datirom 3Cu, respectively, are compared with the data in the
table, Table I; which also lists the sources of the data that areegmentga), (b), (c), and(d) of Fig. 2. (As noted above the
shown in the figures to follow. The data from the four light- wave functions for*®Ca were obtained from an SHF model
est mass nuclei are well reproduceddsfolding calculations [7].) Again all data are well reproduced by tlefolding
made with large space shell model struct¢selid curve,  calculations. With?’Al however, three data points between
but they are not with-folding calculations(dashed curye 180 and 300 MeV are in better agreement with the results of
However, large space structure calculations are necessarytifolding calculations while one data point, at 61 Mg48],
one is to describe the physics even adequately. As indicatad in disagreement with both calculations.
above, for ®Li, such a structure was found from a shell Data are shown in this figure again from 10 MeV but with
model calculation[46] made using a complete @02 40Ca in particular, the folding model approach is not ex-
+4)%h o space while those fotBe, 12C and %0 were made pected to be reliable at the energies in the range 10—20 MeV.
using complete (8-2)A o models. Results found using the Those excitations energies correspond to a region of low-
simpler Ohiw structure model of Cohen and Kurafd7] level density in“°Ca. Indeed the reaction data frofiCa
within g-folding, underestimate the data at most energiesshow rather sharp resonancelike features below 20 MeV. For
and for °Be particularly. This reflects the too compressed®3Cu however, no such sharp structures are evident in the
density profile for the nuclei given by the simpler model. reaction cross section data and our prediction with a
Results are displayed for proton energies from 10 MeV. Al-g-folding potential at 10 MeV gives a value in quite reason-
though experimental data exist to lower energies in thesable agreement with observation. With bdfiCa and®3Cu,
cases, we do not consider the first-order folding prescriptiorthe g-folding results are in very good agreement with the
for the optical potential to be appropriate in the low-energydata for energies above 20 MeV. That is in stark contrast to
regime of scattering from these nuclei. Up to and over 2Qhe t-folding results. The-folding results underestimate the
MeV excitation, their spectra have numerous distinguishablelata below 20 MeV and overestimate considerably the data
states. Excitations to regions of low-level density are not@bove 40 MeV. In the 20—40 MeV zone, both calculations
taken into account forming the optical potentials. We havegive results in reasonable agreement. Such trends are evident
confidence in the optical potentials when the input energyor most heavy nuclei.
coincides with excitations to regions of high-level density In Fig. 3, we present the data and our predictions of the
and where particle emission is feasible. total reaction cross sections for proton scattering from
The %C results in particular are worth comment. For this °Zr,1%8sn 4%Ce, and'*°Tb. They are shown in segments
nucleus, as with the others, the reaction cross sections olfa), (b), (c), and(d) respectively and compared against data
tained from those-folding calculations for'?C are in very taken from the relevant references given in Table |. Again
good agreement with the experimental data up to 300 Me\Mtesults fromg-folding calculations are in very good agree-
Most evidently, the medium effects differentiating thfblom  ment with the data while théfolding results are overesti-
thet matrices used in the folding scheme defining the opticamates at and above 40 MeV and underestimates the data
potentials are required for predictions to match observationbelow 20 MeV. The thircp-1183n total reaction cross section
The t-folding model overestimates the data by 20-40 %result given in segment) of Fig. 3 and portrayed in that
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o, ()

| | | | | | (C) 1 | | (d) ]
0 100 200 100 200 300 0 100 200 100 200 300
E (MeV) E, (MeV)

FIG. 3. Energy dependencies of for proton scattering from FIG. 4. Energy dependencies of; for proton scattering from
(@ °9Zr, (b) Y&, (c) ¥%Ce, and(d) 1°°Tb. Basic notation is as for  (a) ‘8Ta, (b) %Au, (c) 2°%b, and(d) 2*U. Basic notation is as for
Fig. 1, but now also with dotted curves that display predictionsFig. 1. For2%%b, the dotted curve is the result of extendingithe
obtained with theg-folding model potentials formed with the outer- neutron orbit by increasing the oscillator length for that shell by
most shell neutrons specified by a harmonic oscillator with an 0s8%. The dot-dashed curve is the predictions found using SHF wave
cillator length 10% larger. functions.

figure by the dotted curves, was obtained frong-folding Exceptional data points are found at 19.8 MeV'ftfTa
optical potential formed by varying the surface neutron orbitvhere that data point is underestimated with our calculation
(h119) to be that for an oscillator length increased by 10%bPY 20%, at 29 MeV 'r_‘lg7AUv and in ?Pb near 30, 61, and
from our basic calculation. With thslightly) extended neu- 77 MeV. Such exceptional points were also noted in the data

tron distribution that results, thg-folding potential total re- ToM lighter mass nuclei. But in most cases, those excep-
Honal point values do not agree with other measurements

action cross sections then are in very good agreement wit
made at close values of energy. For example other data from

the data; save for the ubiquitous 61 MeV value. Likewise,, .

there is a datum at 32 MeV at odds with our results. But that .8Pb taken at 60.8 _Me\ESO] an(_j at 65.5 ME\.I[Sl] give
point also is at odds with other data. Also in the mismatchd'fferent _results aﬂd n factd(ea}ctlon Cross se(;]tlon valuels that
collection, the datum at 17.5 Mep-2*Ce scattering is un- are consistent with our predictions. We note that Mextel.

derestimated. Fofs°Tb, theg-folding result(solid curve is [50] argue for a much larger systematic error in the studies

still a quite good replication of data but the calculations Ob_reported in the relevant earlier experiments.
tained fromg-folding optical potentials formed by varying
the surface neutron orbithg,,) to be that for an oscillator
length increased by 10%@lotted curve are better. The mass variations of total reaction cross sections for the

In segmentsa), (b), (c), and(d) of Fig. 4, we compare the scattering of 25, 30, 40, 65, 100, and 175 MeV protons are
calculated total reaction cross sections with proton scatteringhown in the different segmentas labeleglof Fig. 5. From
data from 81Ta,1%’Au,?%%Pb, and 2%®U. Again all data are that figure, it is evident that thg-folding results are in quite
best and well described by the predictions we make with thgood agreement with data while tiolding results under-
g-folding model. There is a crossover regime in energyestimate most of the 25 MeV data, are in reasonable agree-
where the predictions of out- and g-folding potential ment with the 30 and 40 MeV data but overestimate most of
equate. The differential cross sections do not, howeveithe 65 MeV data. Note that the extended matter SP states
equate and when they are also considg&idpreference is have been used with th&%Pb and the Sn isotopes calcula-
given to theg-folding potential results at all energies. tions.

The dotted curve in the case 8Pb[segmentc)] results The disparities between the and g-folding potential re-
when the oscillator length for the outer neutron shejkf) sults for the reaction cross sections are more evident at
of the simple packed shell model we have used to describkigher energies. In segmer(® and(f) of Fig. 5 we display
the nucleus is increased by 8%. The associated increase the mass variation of the total reaction cross sections mea-
the matter profile brings the predicted reaction cross sectiorsured[52] at 100 and 175 MeV. Again, thg-folding model
then in very good agreement with observation. Using thepredictions are in excellent agreement with the measured val-
SHF wave functiong5], gives the result displayed by the ues, while thet-folding results overestimate observations
dot-dashed curve in this figure. Clearly using these newypically by 150 mb. At 100 MeV proton scattering, proton
functions has made a slight change to the predictions fountbtal reaction cross sections from many nuclei in the mass
with the simple HO packed modéolid curve; the modified  range t02%®U have been measured and it is very clear that
HO model result is in better agreement with that of the SHRhe g-folding model predictions are in good agreement with
model. them. Fewer measurements have been made at 175 MeV, but

B. Mass variation of proton total reaction cross sections
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FIG. 5. The mass variations of proton reaction cross sections at FIG. 7. Total cross sections for neutrons scattered ftanfLi,
diverse energies. Scattering at energies of 25, 30, 40, 65, 100, afd) *°C, (c) ', and(d) “°Ca. The data are those of Abfalteral.
175 MeV are presented in segmelfid, (b), (c), (d), (e), and (f), [53]; in (b) the data correspond to scattering from natural carbon.
respectively.

sured with some accuracy, the subtraction of two large num-
they too span the mass range’fU and the results of those pers with attendant uncertainties is subject to numerical

measurements also are in very good agreement with the opiems. We note, however, that a new technique from Ja-
g-folding optical ”.‘Ode' predictions. . i pan for measuring neutron total reaction cross sections uti-
We have seen in most of the previous figures that, at Somf'?zing in-beam and out-beam methods similar to those used
energy point, the total reaction cross sections obtained by the o0 scattering shows promise. Nevertheless, herein, we
t-folding andg-folding calculations are same. In Fig. 6 We ., centrate on analyses of total scattering cross section data.
display those crossing energy values as a functioM®, ™6 yata we have chosen to analyze have been taken from
the energy is in MeV. It clearly indicates Fhat thereT is aline Ny recent survey by Abfalterezt al. [53]. That survey in-
mass and energy above and below whichgfelding cal- = ¢,4es data measured at LANSCE that are supplementary
culation res_ults are smaller and larger respectively than thg.4 sdditional to those published earlier by Fintyal. [54].
corresponding-folding ones. From that recent data compilation, we have selected cases for
study having target masses that span the stable mass range
and which includes as many of the nuclei as possible for
Accurate measurements of neutron total reaction cros@hich we have analyzed proton scattering data. Specifically
sections are far more difficult to achieve than their protorive calculate neutron total scattering cross sections for
counterparts. Indeed usually those cross sections are oBLi, °C,*F,*Ca %Y, *®W,¥"Au,?%%Ph, and **"U. In some
tained by subtracting the elastic from the total scatteringcases the data taken were from natural targets; we indicate
cross section. While both of those cross sections can be me#ose as discussion of them occurs in the text. Given that
analyses with thg-folding optical potential has been found

C. Energy/mass variations of neutron total cross sections

60— . ————— to be more appropriate with the proton scattering analyses,
| | we only present in the ensuing figures, results obtained from
the g-folding optical models for neutron scattering. In form-
50 . - . . .
& ing those neutron optical potentials, the structure models
. ] used were those that defined proton scattering. The effective
4or PLiatd 7 NN interactions were as well.
% A Predictions of the total cross sections for neutrons scat-
=30r P 7 tered from®Li, 12C,'%F, and*°Ca are compared to the data in
@ e T Fig. 7. The models fofLi, *C, and“°Ca to specify the den-
201 ,' B sities were those used in the calculations of proton scattering.
- 1 The model for'% was a @ » shell model calculation using
10+ . the WBT interaction defined in Table | of Warburton and
L Brown [55]. The oscillator parameter for the HO SP func-
ob— 1w tions in that case was 1.855 fm, chosen to reproduce the rms
L 2 3 A‘}B > 6 7 radius of 1°F (2.9 fm[56]). In all cases except fdl°Ca, there

is excellent agreement with the data, and the turnover in the
FIG. 6. The mass-energy equivalence pointstf@ndg-folding ~ Cross sections at-20 MeV for natural carbon and’F are

results for proton total reaction cross sections. The line is drawrpredicted. The low-energy structure in the cross section for

only to guide the eyes. 40Ca is reproduced, although the peak at 40 MeV is under-

064618-6



PREDICTIONS OF TOTAL AND TOTAL REACTION . .. PHYSICAL REVIEW &5 064618
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FIG. 8. Total cross sections for neutrons scattered ftani®Y,
(b) W, (c) °7Au, and(d) 2%3U. The data are those of Abfalterer
et al. [53]; in (b) the data correspond to scattering from natural
tungsten.

FIG. 9. Total cross section for the scattering of neutrons from
%Pb. The results of our calculations are compared to the data of
Finlay et al. [54] (circles and of Abfaltereret al. [53] (squarep
The latter set corresponds to scattering from natural Pb.

predicted by 10%. Also for'®Ca the cross section at 300 [1]. Above 200 MeV, the predicted cross section falls too

MeV is underpredicted. _ sharply as it did for the other scattering cases. The variation
Our predictions of the total cross sections for neutronsys the structure model from HO to SHF did not influence
scattering fro_m89Y,184vv,197Au, and U are compared 10 ch the result above 200 MeV. Again we think that our
the data in Fig. 8. In the case ofW, the data were taken effective force may be at fault for this data at these energies.
from scattering using natural tungsten as the target. Th¢ne mismatch above 200 MeV is influenced by the mass of
structure of three of these nuc_lei was obtained from a simplg,e target however, with little problem evident in the light
packed model as used previously. Feiy, however, the  mass results as shown in Fig. 7. Given that those light mass
shell model of Ji and Wildenth@b7] was used to specify the nclej are characterized as mostly “surface,” we also believe
density. The four results exhibit the same features. The preyat the problems with the effective interactions at the higher

dicted cross sections agree well with the experimental resultgnergies relates to the character of the force at central densi-
between 70 and 200 MeV, with the peak cross section valuggeg

slightly underpredicted. Below 70 MeV the cross sections
are overpredicted but the structural character exhibited in the
data is found. To obtain better agreement at energies 40—70
MeV at least, improvements in the SP functions are required. A microscopic model of the nucleon-nucleus optical po-
Improvements such as by using a SHF model seem neede@ntial in coordinate space has been used to predict success-
given the results we shall present next f8#Pb. Above 200 fully the total reaction cross sections of nucleons from nu-
MeV, all results underpredict the data. We believe that thislei. That optical potential has been formed by folding
indicates that our present effective interaction for those eneomplex energy- and density-dependent effechilé inter-
ergies at and about the pion production threshold needs to kations with OBDME of the target obtained primarily from
improved. Possibly more explicit contributions from the shell models of the nuclei. As the approach accounts for the
resonance in thalN interaction in defining the effectividN exchange terms in the scattering process, the resulting com-
force to be used in thg folding giving the optical potentials plex and energy-dependent optical potential also is nonlocal.
are needed58]. We have found that it is crucial to use effectiMéN interac-

As stated above in the case of proton scatterfiiPb isa  tions that are based upon realistic fidé\ interactions and
special case. To specify the density #fPb we have used which allow for modification from that freé\N scattering
the SHF calculation of Browi5,7]. The results of our cal- form due to nuclear medium effects of Pauli blocking and an
culations of the total neutron scattering cross section fronaverage mean field. For optimum results, and for the light
208 ysing that model are given in Fig. 9. Therein, we com-masses in particular, it is essential also to use the best
pare our prediction with the data of Finlay al.[54] and of  (nucleon based model specification of nuclear structure
Abfaltereret al. [53]. The latter set correspond to scattering available. Marked improvement in results were obtained
from natural Pb. From 60 to 200 MeV, the agreement withwhen, for °Be and *2C in this study, complete (82)%w
the data is excellent, as it was for the other nuclei also. Beshell model calculations were used to define the OBDME
low 60 MeV, the energy dependence is reproduced, althougtequired in the folding processes. Improvements in the de-
the minimum at 50 MeV is slightly overpredicted. Note that scriptions of the ground-states of heavy nuclei would also
when the oscillator model is used, the calculated results diead to better predictions of the scattering observables in
not reproduce the data in this energy regime as adequatetfiose cases; as was obtained for the elastic scattering from

V. CONCLUSIONS
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