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Few-body calculations of proton®®He scattering
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We present a theoretical analysis of recently published experimental data for the elastic scattering of protons
from the helium isotope§He and®He at energies near 700 MeV per nucleon. The analysis treats the few-body
degrees of freedom of these light neutron-rich nuclei explicitly and is developed in terms of three- and
five-body wave functions foPHe and®He, respectively. Comparisons of calculations with the data show that
the sizes of the He nuclei consistent with such an analysis are larger by about 0.2 fm than those deduced from
a more approximate procedure in which the structure of the weakly bound nuclei enters only through an
assumed nuclear matter dens{t0556-281@8)06504-2

PACS numbds): 25.10+s, 24.10.Eq, 24.58.g, 25.40.Cm

I. INTRODUCTION scattering on the projectile structure simply to that of an
assumed nuclear one-body density. It was already shown in

In a. recefnt pape[fl], exr?err:rr}gnta] data for éhe ela(sjnc Refs.[8,9,6], there in the context of total reaction cross sec-
scattering of protons from the helium isotopide, °He, and o calculations, that an explicit treatment of the correlations

®He, at energies near 700 MeV/nucleon, have been presentefesent in the few-body wave functions of such nuclei is of
and compared. These data were also used there to estimgignsiderable quantitative importance. The few-body degrees
the sizes of théHe and®He nuclei by the use of an approxi- of freedom, when treated accurately, were shown to increase
mation to Glauber’s theor}2] of composite particle scatter- the transparency of the nuclear collision at large impact pa-
ing and using an assumégoint nucleon one-body density rameters resulting in a smaller calculated reaction cross sec-
for each of these light nuclei. Within this approximate modeltion and hence in larger deduced nuclear sizes in compari-
the authors fitted the measured differential cross sections faons with data. The purpose of this paper is to clarify the
each He isotope independently and observed considerabigportance of these few-body correlations for calculations of
insensitivity in their fit to the precise parametrization as-elastic scattering observables, and hence for the sizes of the
sumed for the one-body density, other than to its root-meanHe isotopes suggested from comparisons with the experi-
squaredrms) matter radius. The authors concluded that themental data of Ref.1].

nuclear rms matter radii so extracted were therefore essen-

tially model independent and quoted deduced radii %de II. THEORETICAL BACKGROUND

and 8He of 2.30+0.07 fm and 2.45%0.07 fm, respectively,

with small errors According to Glauber's multiple-scattering theory the

The deduced size fdiHe in particular is smaller than one elastic amplitude for the scattering of a proton from a com-
posite nucleus of mas& can be written as an integral over

would expect based on other empirical information. For in- .

stance, thi€He radius is smaller than that normally as:sumedthe proton impact parameter plane{a$
(2.44 fm) for SLi, derived from the measured rms charge ik
radius from electron scatterir@] by unfolding the charge f(q) = —f d?be' 91— Sa(b)]. 1)
form factors of the nucleons. On the other hand, the high- 2m

energy total interaction cross section measurements of Tanj-

hata and co-workers obtain a cross section®ide+12C [4] Herek is the proton’s inciQent wave number in the penter—
(722=5 mb) which is significantly larger than that for of-mass(c.m.) frame gndq IS the momentgm transfer in the
5Li +12C [5] (688+ 10 mb. These data have been shown, inscattenng. The elastig matnx,.as a function of the proton-
two quite different approachd$,7], to be consistent with a target ¢.m. impact parametb is
®He rms matter radius of order 2.52—2.57 fm. That the Bor-
romean ®He ground state, with its two neutron separation SA(b)=<¢’A
energy of only 0.97 MeV, is also the isobaric analog state of
theT=1 0" state at 3.56 MeV excitation ifiLi, would also
lead one to anticipate that the ground-state configuratiowhere the labej runs over each nucleon in the composite
would be more spatially extended in the case’ . target, with ground-state wave functidm,. Each pairwise

In this paper, unlike the nuclear-density-based reactiomucleon-nucleor{NN) scattering operator§ matrix) is de-
analysis of Alkhazowet al.[1], we calculate the proton elas- noted byS,;(b;)=1—T,;(b;) whereb; is the impact param-
tic scattering from the*He systems in terms of their few- eter of the incident proton relative to target nuclgoiThe j
body wave functions. We wilhot therefore make the addi- label onI',; also identifies the use of then or pp profile
tional approximations, involving the neglect of few-body andfunction, the two-dimensional transform of the free NN scat-
other correlations, needed to reduce the dependence of thering amplitudes

A
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1 ) ton scattering from the free composite core nucleus at the
I'pi(by) = mf d’ge "9 5;(q). (3)  same incident energy per nucleon. This is given by @y.
but now withA=A.

Within this cluster picture a hierarchical structure there-
e develops in which the scattering of thecluster com-
posite nucleus is entirely determined by the scattering prop-
o erties S matrice$ of its n constituent clusters and by their
ij(b)=4.—N_(am+i)exrx—b2/2,8pj) (j=p,n), gssumed relati.ve motion wave functi 2,). Given Fhes.,e

17 Bpj inputs, and noting that the core and nucleon scattering inputs

(4) Sa, and S;; can be assessed by comparisons with quite in-

where o, and o, are thepp and pn total cross sections. d((arlc))endent data, a”Y .g|ven fevy-body Wave—funct.|on model
The a,; are the ratios of the real to imaginary parts if the rel leads to a specific prediction for the scattering of the
forward scattering NN amplitudes and tfsg; are the range phrOJeC'F'I? V‘;'i‘%u'[dfree parameters. We Irelterge tt)hat,has for
parameters. All parameters are deduced, (19,11, from  the original A-body scattering matrix elemeriy(b), the

fits to freepp and pn scattering data. n-cluster matrix elemensy”(b) remains a many-body ma-

In the present analysis, where the proton scattering extrix element, now of the projectile’s few-body densliw{é‘ﬁlz
periments were actually performed in inverse kinematicsand has no simple correspondence with the projectile’s one-
then |®,) is to be identified with the many-body ground body densitypa(r). _ _
state of the projectile. It must be stressed that the composite In the approach outlined above, the calculation of the
nucleusS matrix, Sx(b) in Eq. (2), is a many-body matrix elasticS matrices for the®He and ®He composites are de-
element of the projectile ground-state many-body densityeloped from those of their constituent clusters at the same
|®4|? and, without considerable additional approximation,incident energy per nucleon. It follows that a necessary input
Sa(b) has no simple relationship with the projectile one-for the A=6 and A=8 systems is theS matrix for the

These profile functions are parametrized, as is usual, accor%r
ing to

A. Treatment of the p+“He scattering

4

IT sw(b))
=1

body densitypa(r). In the work of Ref.[1], such ground- Protonw particle core scattering,(b). This, in turn, should
state many-body densities are in fact taken as products dfe consistent with the availabtet+ “He scattering data.
one-body densities fotHe, and for the neutron-richHe and
8He systems. While such an approximation is arguable for
the compact*He system, where all nucleons share a com- ) )
mon volume of space, the known strong spatial correlations Sa i computed here according to E@) as
of the nucleons irfHe and®He, into ana particle core and
a valence neutron halo/skin component, makes sudtuan Suby={ @ o
correlated factorization of doubtful validity. 4 4 4

For such nuclei, and other halo nuclei, which have a well- 4
defined cluster decomposition, an alternative few-body struc-
ture description is more appropriate. In such cases the :f J.Hl [dr;Sun(b) 1| @a(ry.ra.r3,10) % (6)
A-nucleon composite nucleus is considered as an effective
n-cluster system. For halo nuclei the expectation, due to the )
weak valence nucleon binding, is that the core polarizatiofvhere, for the T=0 « particle, we setSyy(b;)=1
effects are small. Such an approximation is expected to be I'nn(bj) with I'yy the transform of the isospin average of
particularly good for the He isotopes in which the core frag-the €lementarpn andpp amplitudes. The four-body par-
ment is thea particle[12]. Such nuclei have therefore been ficle density is taken to be of the simple form
modeled successfully as an inert core with-1 loosely
bound interacting valence nucleons. The many-body wave 4 4
function in this case is expressed as a product of the intrinsic |CI>4(r1,r2,r3,r4)|2=N(ro)H |¢(rj)|25( 2 ri), (7)
wave function of the core, of mags., and ann-body wave =1 =1
function which describes the relative motion of all of the
clusters. and thus includes explicitly only the c.m. correlations of the
When included in the elastic scatteriSgmatrix, Eq.(2),  nucleons within ther particle. HereM(r,) is an appropriate
then-cluster variant of thé\-body matrix element then reads normalization constant and, assuming tht) is the node-
lesss-state oscillator function, then

A
(b= (n) (n)
S(A (b) <<I)Ac'/frel jl:ll Sp](bj) (DAC'JfreI> |¢(rj)|2:(\/;ro)—sexq_rJZ/rg). (8)
n-1
=< 918 | Sa (b TT Spi(y) ¢<r2|)>. (5)  The value ofr, will be chosen so that the particle rms
=1 matter radiugr2)5? is 1.49 fm which is consistent with the

) ] rms charge radius deduced from electron scattd@after
Here yiq) denotes ther-cluster relative motion wave func-  folding in the nucleon charge form factors. The calculational
tion, expressed in suitable coordinates, ang is the core  procedure used to compute E@) is discussed in the fol-
wave function. AIsoSAC(bC) is the S matrix for elastic pro- lowing sections.
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S&)(b) is thus obtained upon integrating over the two
internal vector coordinates of the three-body wave function,
i.e.,

§90)= [ o [ 1) PSS, 0S5,
1

whereb,=|b— a/3|, bj=|b+206/3+ 52|, and o and s are

the projections of the vectogsandr on to the plane perpen-
dicular to the projectile incident momentum. The. . )qpin
notation indicates an integration over the spin degrees of
freedom of the two neutrons. Full details of the structure of
the calculation of Eq(11) which results when using the
three-body wave functions given in E@.0) can be found in
[13].

C. Treatment of the p+8He scattering

Similarly the elasticS matrix for p+8He scattering,
within an &+ 4n description of®He, is

5y — /(5 (5)
FIG. 1. Schematic representation of the few-body models and S5 (0) = (el Sa(0)Sy(b1) Sy(b2) Sy(b3) Su(ba) e},
coordinate systems used for the description of the four-body (12

p-+°He (uppej and six-bodyp+°He (lowen) scattering systems. yhere the constituers,(b;) andS,(b,) are precisely as for
The impact parameter of the projectile’s center of mass and of eac{he 6He case. We make use here gnly of the cluster orbital

constituent cluster is also indicated. shell-model approximatiofCOSMA) wave function fory(3)
[14]. This provides a convenient expression for the spin-

B. Treatment of the p-+°He scattering integrated four-neutron correlation function entering Eq.
From Eq.(5), the elasticS matrix for p-+®He scattering, (12). It includes explicitly the cluster correlations and also
within the @+ n+n three-body model ofHe, is written those correlations associated with the antisymmetrization of

the four valence neutrons, amongst themselves, each in an
823)(b)=<¢§§|)|84(ba)8n(bl)%(b2)|tpﬁg’,)), 9 assumedps,, orbital with respect to thex core. Explicitly,
from Eq. (6) of Ref.[14],

whereS,(b;) andS,(b,) are theS matrices for fregpn and 4 o(r)]?

pa scattering discussed above. The only new input required <|¢§§|)(f1,fz,fs,f4)|2>spin=Ll:[l | A | }A(LZB"”

here is the three-body ground-state wave functionde, (13
43, which can be chosen from a selection of realigfiad-

deey wave-function models such as are tabulated in f8f. where¢ is a nodelesp-wave radial wave function. Here the
These wave functions all assume an inemarticle core but  vectorsr; are the positions of the four neutrons relative to the
take fully into account the effects of correlations between thex particle core(see Fig. 1 The angular correlations are
two valence neutrons and with the core. For this reaggh  given by

does not factorize as a product of single-particle wave func-

tions for each neutron, but takes the general fpti3] A(1,2,34= §(Si§§4+ 2,2, + 52,82 (14)
1 L 1 4 L

@ . . wheres =1—(r;-1j)? is the square of the sine of the angle
Prel (p’r)_/st P st DY Ap)@ Yy (D] between vectors; andr; . The calculational procedure used
is outlined in the following section.
®[x1 (1) ®x1(2)]sh=om=o: (10)
Ill. CALCULATIONAL DETAILS AND RESULTS

Herep andr are the Jacobi coordinates defined in Fig. 1 and 10 calculate the elastic-scattering amplitudes and differ-
the relative orbital angular momenta and \ refer to the ~ential cross sections for the+”He systems £=4,6,8) we
coordinates andr, respectively. Theyy(i) are the neutron Need to evaluate the few-body elasBcmatricessS,, S¢¥,
spinors. Since the two neutron spins can couple only to totand ng’), defined in Egs(6), (11), and (12), respectively.
spin 0 or 1 the requiremeht= S restricts the wave function We also require th@n nucleon-nucleon scatterirf§ matrix

to s- and p-wave total orbital angular momentum compo- S,, which enters Eq411) and(12) and the isospin averaged
nents. Full details of the angular momentum structure of theaucleon-nucleon amplitud8yy which enters the Eq6).
three-body wave functions used can be foundl1ig]. The elementary NN scattering parameters used in(&q.
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FIG. 2. Calculated and experimentat “He elastic differential FIG. 3. Calculated and experimentat®He elastic differential

cross section angular distribution as a function of the square of theross section angular distribution as a function of the square of the
four-momentum transfergl=—t) at 699 MeV per nucleon. The four-momentum transferg?=—t) at 717 MeV per nucleon. The
data are from Refd.1] (solid pointg and[15] (open points calculations use the different three-bofliie wave functions dis-
cussed in the text and which generdide nuclei with the rms
were obtained by interpolating the parameter values given imatter radii indicated. The inset shows the predicted total reaction
Table | of Ref.[10] to 700 MeV proton energy. Only the Ccross sections as a function of the rms matter radius. The data are
central terms of the NN amplitude are retained The value§om Ref.[1].
used in this analysis were,,=44.3 mb, 0,,=37.7 mb,
app=0.1, ap,=—0.38, B,,=0.16 fm? and 8,,=0.2 fm?.  momentum transferq®= —t). The data are from Ref$1]
These parameters were kept fixed throughout our analysi®olid point$ and[15] (open points Since the free NN scat-
and used for all the He isotopes, without adjustment. Naering parameters are taken frdrh0], without adjustment,
attempt has been made to improve calculations by parametand a simple microscopie particle wave function has been
variation since an aim is to assess the basic consistency aked, the only free parameter available was the assumed rms
our hierarchical few-body picture for all three He systems. Insize of thea particle, throughr,. The level of agreement
the approach followed here, these systems are not indepewith the data for the physical rms matter radius of 1.49 fm is
dent but have common theoretical and derived inputs. In aliherefore very encouraging. No attempt was made to fine
calculations the Coulomb interaction is included and is astune the NN interaction parameters. The experimental data
sumed to act at the center of mass of the composite projectilglso have a stated overall normalization uncertainty of order
[2]. +2-3%][1,15].

A. Calculations for “He B. Calculations for ®He

For both thep+ “He andp+ 8He systems the multidimen- For p-+%He scattering the dimensionality of the integrals
sional integrals involved in Eq$6) and(12) were computed involved in Eq.(11) is sufficiently small(five) that they are
using random samplingMonte Carlg integration methods. carried out directly by use of numerical quadratures. We re-
For thep+“He system, and at each value of thide c.m.  quire alsoS,(b,), taken from the calculation above. For the
impact parameteb, the calculations sampled at random the ®He three-body relative motion wave functioffS) , we took
position vectorsy, r, andrg of three of the nucleons with a representative selection of realistiéaddeey three-body
respect to théHe c.m., from whiclr, was then computed to  wave function models from the family of models tabulated in
be consistent with the center-of-mass constraint. In each sudRef.[9]. The wave functions used were the P1, FC, and GB3
four-nucleon spatial configuration theﬁ(rj)|2 were evalu- models which span a reasonably wide range of resuftiig
ated, the constituet; calculated, and th8yy(b;) were then  rms matter radii. These yiel§He radii of 2.33, 2.50, and
interpolated from a precalculated lookup table. The value2.77 fm, respectively, when calculated assuming d¢hpar-
ro=21.405 fm was used in Eq8) which calculated an alpha ticle core radius is 1.49 fm, as used above.
particle rms matter radiug?)3/2=3r,/2\/2=1.49 fm. Figure 3 shows the predictgut+®He elastic differential

The results for thep+*He scattering angular distribution cross sections resulting from the use of these three wave
at 699 MeV are shown in Fig. 2. Following the presentationfunction models at 717 MeV. The figure shows that, while
of the experimental data of Rdfl], we calculate the differ- the elastic-scattering data are certainly consistent with the
ential cross section as a function of the square of the foupredictions of the FC model wave function, with a rms mat-
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10* —— 11 dius of 2.50 fm is too largémanifest as too steep a gradient
. 1 in the cross section versug) and suggest a radius of 2.30
He+p 717 MeV/nucleon fm is appropriate[1], the more careful semimicroscopic
| treatment of the few-body aspects of the reaction, the solid
curves, leads to the opposite conclusion.

C. Calculations for 8He

For 8He, calculation of8g5) involves a 12-dimensional
integration over the four chosen internal vector coordinates.
The procedure used fdtHe was somewhat similar to that
used for the*He, and used Monte Carlo sampling. At each
8He c.m. impact parametdr, the position vectors; of the
four nucleons relative to the particle core were sampled
and then(|¢§2,)(r1,r2,r3,r4)|2)spm of Eqg. (13) was calcu-
lated. The position vectors,= —Ef‘zlmnri /(4m,+m,) and
X;=r;+ X, of the « particle and the four neutrons relative to
the projectile’s c.m. could then be computed and hence the

do/dt [mb/(GeVic)]
>

2

0, 4 oy impact parameters of each constitudat, In each such con-
000 001 002 003 004 0.05 figuration the precalculates,(b;) and theS,(b,), from the
t [(GeVre)] “He calculation above, were interpolated from a lookup

, - , table.
FIG. 4. Calculated and experimentatSHe elastic differential . .
cross section angular distribution at 717 MeV per nucleon. The In the original COSMA wave function of Refl13] the

solid curves reproduce the few-body results from Fig. tée rms ~ valénce neutron radial wave functiors(r;) entering Eg.
radii of 2.33 fm (uppe) and 2.50 fm(lower). The dashed curves (13) were assumed to be nodeleggsvave oscillator wave
show the results calculated for rms matter radii of 2.30(fppey ~ functions with a range parametey, e.g., Eq.(2) of [13]. In

and 2.50 fm(lower) when using the density-based approximate de-the present work, for any giveny, these oscillator radial
scription of Ref[1]. functions are matched to a more corrgeiwvave Hankel

function tail at the appropriate radius such that the radial
ter radius of 2.50 fm, data of yet higher precision would befunction and its first derivative are continuous. As the two-
required to extract a precise value for the matter radius fronmeutron separation energy frofiHe is 2.137 MeV and the
such an analysis. The data are also subject to a small overdfiur-neutron separation energy is 3.1 MeV, we calculate the
normalization uncertainty of-3% [1]. We comment how- Hankel function tail assuming an average neutron separation
ever that it was also the FC wave function which best reproenergy of 1 MeV. Of course, in this case the wave function
duced the experimentdHe+ 12C total interaction cross sec- has to be renormalized to unity. Also, the simple relationship
tion datum at 800 MeV/nucleon in a careful finite range[13] betweer o, the rms matter radius of thiéHe and that of
study of that procesgs]. The FC model is also the wave the *He core, &r?)g—4(r?),=35r/4, is now lost and the
function which best reproduces the empiri€ble three-body revised rms matter radius éfHe for a givenr, has to be
binding energy of 0.97 MeV. computed numerically.

We show, as an inset in Fig. 3, the calculated total reac- It is appreciated that this single-particle mean separation
tion cross sections for the+®He system as a function of the energy prescription for the valence nucleon wave function is
®He rms matter radius for several wave-function modelsonly an approximation and that a more microscopic treat-
These reveal a significant sensitivity to the projectile sizement of®g is desirable. It does however allow us to make a
and, if accessible experimentally, would provide a powerfulfirst assessment of the sensitivity of the calculations and of
constraint if used in combination with the angular distribu-the data to our treatment of the wave-function asymptotics.
tion data. The effect on the elastic scattering of going from an oscilla-

In Fig. 4 we contrast the results of the analysis carried outor to a Hankel function tailed radial wavefunction is dis-
here with those which result from the approximgieojectile  cussed below.
density approach followed by Alkhazoet al.[1,11]. In the Figure 5 first shows the predicted and experimental
figure, the solid curves are the same few-body results as ip+8He elastic differential cross section angular distribution
Fig. 3 for the wave functions witfiHe rms radii of 2.33 fm at 674 MeV per nucleon. All of the calculations shown use
(upped and 2.50 fm(lower). In these calculations the effects the valence neutron radial wave function with the Hankel
of the three-body correlations and of the use®bfe wave function tail and a neutron separation energy of 1 MeV. The
functions with the correct three-body asymptotic behaviorcurves correspond to wave functions with differegtand
are included explicitly, as was discussed above. The dashdtence differenHe rms matter radii as indicated. It is seen
curves show the results calculated using the density-basdtiat wave functions with rms matter radii in the range 2.4—
method of Ref[11] for the GH ®He density of{ 1] with rms 2.5 fm, as suggested by the density analysi$1df do not
matter radii of 2.30 fm{uppe) and 2.50 fm(lower) — thatis  reproduce the experimental data. The curve corresponding to
when using the density-based approximate description. It ia radius of 2.6 fm is consistent with the data within the
evident that the two approaches lead to quite different refew-body COSMA model used. We also show, as an inset in
sults. While the density-based calculations suggest that a r&ig. 5, the calculated total reaction cross sections forpthe
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FIG. 5. Calculated and experimentat8He elastic differential FIG. 6. Calculated and experimenat8He elastic differential

cross section angular distribution as a function of the square of theross section angular distribution at 674 MeV per nucleon. The
four-momentum transfergf=—t) at 674 MeV per nucleon. The solid curve shows the results using a radial wave function with a
calculations, all of which use a radial wave function with a HankelHankel function tail anch-separation energy 1 MeV. The dashed
function tail andn-separation energy 1 MeV, correspond to the curve results when using the oscillator model radial wave function.
different 8He rms matter radii indicated. The inset shows the pre-Both wave functions correspond to an rms matter radiu$ka of
dicted total reaction cross sections as a function of the rms matte2.6 fm.

radius. The data are from Refl].

. . IV. CONCLUDING REMARKS
+8He system as a function of tHftHe rms matter radius for

the different wave functions. As fotHe these reveal a sig- We have presented a careful quantitative analysis of pro-
nificant sensitivity to the projectile size. ton elastic scattering from the helium isotogise, °He, and
In Fig. 6 we investigate the sensitivity of tiger 8He cal-  ®He at energies near 700 MeV/nucleon. We have formulated
culations to the assumed asymptotics of the valence neutrdhe elastic scattering in terms of Glauber theory and the few-
single-particle state used in the COSMA model. The solidbody wavefunctions of the He nuclei. We have not made the
curve shows the results using the radial wave function with additional approximations, which neglect few-body correla-
Hankel function tail and a neutron separation energy of ltions, needed to reduce the dependence of the scattering
MeV. The dashed curve results when using the originalpon the projectile structure simply to that of an assumed
p-state oscillator model radial wave function for all radii. nuclear one-body density. We have shown that, as in the case
The two 8He wave functions both correspond to the sameof total reaction cross section calculatid@s9,6], an explicit
rms matter radius foPHe of 2.6 fm. We note the sensitivity treatment of these correlations in the few-body wave func-
of the calculated cross section to the wave-function asymptions is of considerable quantitative importance.
totics and conclude that a careful treatment of these few- We have used available three-bodg+2n) and five-
body systems will be essential to making quantitative deducbody (a+4n) wave functions for®He and ®He. Compari-
tions from comparisons with such data. sons of the predicted cross sections with the recently re-
In concluding this section we point out that the observedported data show that the deduced sizes of the He nuclei
sensitivity to the wave-function asymptotics in the case ofconsistent with such an analysis are of order 0.2 fm larger
8He is also manifest in the case Bifle. The differences we than those deduced from the approximate procedure based
observe from the density-based calculations in Fig. 4, in th®n an assumed nuclear one-body density. With the model
case of®He, stem from two sources. Namelil) the few-  wave functions used, we observe that the data are consistent
body cluster correlations in the wave function, a@i our  with few-body wave functions foPHe and®He with matter
use of wave functions withealistic three-body asymptotics radii of 2.50 and 2.60 fm, respectively, assumingaapar-
When using simplified three-body models féiie, such as a ticle core of radius 1.49 fm. This value féHe, larger than
(pas)? oscillator model, which includes the cluster structurethat for °Li, is consistent with values deduced from other
of the projectile but without the correct asymptotics, calcu-empirical datg6,7].
lated cross section curves in general fell between those of the We have also shown that there is significant sensitivity in
density-based and exact few-body calculations. We wartthe predicted cross sections to the asymptotic behavior of the
therefore that the use of simplified few-body descriptions ofwave functions used, both fotHe and 8He, and the in-
the composite nuclei without the correct asymptotic behaviocreases in the deduced radii noted above stem from two
can lead to significant quantitative differences in predictedsources. These ar€) the intrinsic granular few-body nature
observables and hence in deduced spatial sizes. of the wave functions, an2) our use of wave functions, in
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