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Sensitivities of the proton-nucleus elastic scattering observables
of ®He and ®He at intermediate energies
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We investigate the use of proton-nucleus elastic scattering experiments using secondary b¥denarmf
8He to determine the physical structure of these nuclei. The sensitivity of these experiments to nuclear
structure is examined by using four different nuclear structure models with different spatial features using a
full-folding optical potential model. The results show that elastic scattering at intermediate enerdi@8 (
MeV per nucleohis not a good constraint to be used to determine features of structure. Therefore researchers
should look elsewhere to put constraints on the ground state wave function 8fléghand®He nuclei.

PACS numbgs): 25.40.Cm, 25.40.Dn, 25.60.Bx, 36.Hk

[. INTRODUCTION density valance neutrons. More recently, and in contrast,
Karataglidaset al. [13] have performed calculations on the
The advent of radioactive accelerator beams during théame exotic helium reactions at intermediate energy range
past decade has enhanced the variety of nuclear reactiotising a few different variations of a structure calculation in a
available for study. In the present research we concentrate dirmatrix elastic optical potential calculation. They concluded
the neutron rich isotopes of heliunfHe and 8He, which ~ for ®He that the data available was insufficient for the elastic
have been produced as Secondary beams at intermediate at’[ering CalCUIa’FionS to discern the existence of a halo. For
ergies[1,2]. The simplified shell model structure of these He they ascertained that there was enough data to conclude
isotopes is thought to be a coféle, surrounded by loosely that it |s.not. a halq nucleus from comparing differences in
bound valence neutrons located in fhshell, denoted often the elast|§: differential cross section calculations.
as the nuclear halo. A significant amount of research ha; In the I|ter'a.tu.re there is not general agreement t_o the ques-
been done on constructing models that reproduce data frortshOn of sensitivity of the (_elastlc pro_ton-nucleus differential
experimental reactions involving these isotopéRefs Cross section at intermediate energies to the structure calcu-
P ving PESEIS. " ation of the target nucle’He and®He. Most research con-
[3-22] for exampl@. To use radioactive beams effectively in cludes that the sensitivity is not there to determine structure,

. © 3 Hut some authors have used elastic proton-nucleus scattering
wave functions of"He and"He must be reduced. Once the v, bt constraints on the details of their physical structure,

wave functions are known with better precision, the radioac‘specifically the halo. In this work, we will systematically

tive beam experiments may produce significant implicationsyamine this sensitivity using four independent structure
for neutron stars, shell model calculations, the two bodymodels and conclude whether elastic scattering is a tool that
nuclear force, and the three body nuclear force. should be used to ascertain the structuréldé and ®He.

One way to ascertain the physical structure of the exotic |n Sec. I, we will briefly summarize our full-folding op-
helium nuclei would be to use elastic scattering data. Waeical potential calculation technique which we use to describe
want to address the feasibility of this method by developingelastic proton®He and protonHe scattering and we outline
proton-He and protoréHe first order optical potentials at the four different structure models used to describe the he-
intermediate energie$0—-100 MeV per nuclegrusing dif-  [jum isotopes. Our results are in Sec. Il and our conclusions
ferent structure models as inputs to this optical potentiakre in Sec. IV.
model. A fair amount of earlier work examines this sensitiv-
ity [4—13,23, but there is not full agreement in the literature
on the strength of this sensitivity of structure to elastic scat-
tering data. For example Ré¢b] found that at these energies A standard microscopic approach to the elastic scattering
proton-nucleus elastic scattering data was not an effectualf a strongly interacting projectile from a targetAparticles
tool in determining structure. Korsheninniket al. [11,12  is given by the formulation of an optical potential inrp”
also did a detailed study on the sensitivities of proton elastiform where = contains information about the nucleon-
scattering not only of the helium isotopes but also the lithiumnucleon interaction ang is a nuclear structure calculation
isotopes {Li and 'Li), using an eikonal approach. They (ground state densinof the target. The development of this
concluded that elastic scattering “is not a very promisingoptical potential begins with the separation of the Lippmann-
tool” to determine structure of the valence neutrons. TheirSchwinger equation for the transition amplitude
belief is that the size of the core plays a more important role
in determining the differential cross section than the lower T=V+VGyE)T (2.1

Il. FULL-FOLDING OPTICAL POTENTIAL
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into two parts, namely an integral equation for a “He+2n; however, it is apparent thatHe is closer to
“He+4n than (He+ 2n)+2n as the BS model would sug-
T=U+UG,(E)PT, 22 gest20]

The second model is a relativistic point coupling model
within the framework of a chiral effective field theory by
Rusnak and Furnstah27]. A Lagrangian is constructed: an

U=V+VGy(E)QU. (2.3 expansion ir_l powers of the scalgr_,vector, isoyector_—ve(_:tor,
tensor, and isovector-tensor densities, and their derivatives.
In the above equations, the potential operaforepresents 1he theory contains all the symmetries of QCD and is able to.
the external many-body interaction. The potential operatof@lculate low energy features, such as the structure of nuclei
V=2iA:100i consists of the two-body potentialy acting ground states adequ:altely’., For this paper, we used what Ref.
between the projectile and the nucleons in the target nucleuk?7] refers to as the “FZ4" scheme. Here, the vector meson
The operator$ and Q are projection operator®+ Q=1, andp_ meson masses are fixed, vyh|le the coefficients of the
andP is defined such that E2.2) is solvable. In this case, densities to fourth order are varied to produce a low chi-

P is conventionally taken to project onto the elastic channelSduare to experimental observables. Most varieties of the
For more details see Ref@4,25. chiral effective theory reproduce the bulk nuclear observ-

The evaluation of the full-folding optical potential re- ables of spherically symmetric nuclei. Questions of applica-

quires a fully off-shell nuclear density matrix, which in its Pility t0 exotic helium nuclei can of course be raised while
most general form is given as using this model, for it was not developed for the nonspheri-

cal, nonbulk nuclei®He and®He. The numerical procedure
p(r',N)=® ()P A(r). (2.4)  tocreate t_he_off-_shell_densitiéEq. (2.4)] used for the opti-
cal potential is given in Ref.24].
Here, ®,(r) is the wave function describing the nuclear ~The third nuclear structure model used to describe the
ground state in position space. We choose four models fodensities’He and®He, a Dirac-Hartree mod¢DH) [30,31,
this work to describe th€He and He ground state. The has been used extensively by two of the auti@is.E. and
structure models vary in rigor, quality, and applicability in S.P.W) to describe the structure of doubly magic spherical
describing these exotic helium nuclei. First, a general denuclei with succes$24,25,31-34 This is the oldest struc-
scription of each model will be given in Sec. IlA, to be ture model of the four models discussed. The FZ4 model
followed by comparisons of all four models in Sec. I B. (detailed abovehas the same structure wave function, so the
method used to create the momentum off-shell density of Eq.
(2.4) is the same for both models and is detailed in Refs.
) ) [24,25. Applicability is a concern for this model also. When
Our first model, proposed by Shd6], will be referred developed, it was fit to the bulk properties 8i0, “°Ca,
to as the “boot-strap” mode{BS). This model was created 48Ca, %7r, and 2°%b, all doubly magic nuclei. Furthermore,
to describe the root mean squarechs) radii of a variety of  this model, as well as FZ4, falls under the mean field ansatz,
exotic nuclei using a simple description of the nucleus. Ityhch is rather tenable when describing nuclei with only 6 or
represents the valence neutrons by using a Woods-Saxon pg-nycleons. It was also developed well before the general
tential which is fit to the two neutron binding energy. It then ¢t cture ofSHe and®He were apparent, thereby making it a
follows a sequential step procedure to build the exotic nucleigangigate to test whether the elastic observables can detect
Explicitly for helium, the model starts with the well known ;g nonapplicability.
core “He, and then build§He by calculating the wave func-  The |ast nuclear model to be discussed was developed
téon for the valence neutrons. Likewise, to constriete, _ explicitly for exotic nuclei. The COSMA modétluster orbit
He is considered the core and the 2 r_1eqtron wave functioBne|l model approximatiorf20,21], an approximation to the
gene_rated from a Woods-Saxon potential is calculated. Wavg,ree body problem, has been used extensively in the litera-
functions for the*He core and valence neutrons were calcu-yre to describe elastic scattering with the exotic helium nu-
lated inr space(relative to the center of mass of the whole g|gj [4,6,7,11,12,35,30 The COSMA model is a combina-
nucleus, then Fourier transformed to momentum space  tjon of nucleon clustering and the standard shell model,
1 which obeys the Pauli exclusion principle by using Slater
rint | q43¢ra—it | 43ra—irp oyt determinants to produce a fully antisymmetrized wave func-
p'(P'P) 3f dre Jd re p(rn. tion in r-space. They are then translated as single particle
(2.5 wave functions relative to the center of mass of the entire
nucleus. These wave functions are Fourier transformed into
where they were used in construction of the off-shell densitynomentum space using the method of E45), thus making
via Eq. (2.4). The validity of this model is questionable due it possible to create a fully off-shell density in momentum
to its extreme simplicity. It is thought that the size of thée  space.
core in the exotic isotopes is larger than the bte radius There have been more rigorous models developefHer
which this model assumég0]. The mode of construction of and 8He (Refs.[2,17-20,3% among otherswhich we have
8He is also in contradiction with most other structure calcu-not used. In all cases, these models treat the three body prob-
lations for 8He. To first order He could be approximated as lem  (coretnucleontnucleon or  (coret+dineutron

where U is the optical potential operator given through a
second integral equation

A. Descriptions of the four off-shell densities
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FIG. 1. Proton density calculations in position space fbie FIG. 2. The legend is the same as Fig. 1 except the lines now

and ®He. The solid line represents the calculation performed with arepresent calculations of neutron densities.

boot strap nuclear structure mod&b]. The short-dashed line rep-

resents the same calculation using a chiral m¢ae|2g for the =~ Comparing the exotic nuclei structure models first, the BS

nuclear structure. The dash-dotted line represents the same calcul@odel (solid line and COSMA model(long dashed ling

tion using a Dirac-Hartree modé29,30] as the nuclear structure have a tight two-neutron core because their densities are

calculation and the long dashed line has a cluster orbit shell modeiigher in the 0 fm to 2 fm range. At about 3 fm, differences

approximation(COSMA) [20,21] as a model. begin to emerge between these two exotic models. All mod-
) , L els do have an extended neutron wave function of varying

+dineutron with fewer approximations than the models pre- degrees, with the COSMA model having the most unique

sented here. Our goal is to present a sensitivity test, rath%rhape_

than produce the most fundamental calculations possible. To |, Taple 1, we list the four models and the characteristics

that end, we have used four highly varying models, withihey describe. All position measurements are relative to the

different characteristics, which are easy to calculate. As aRgnter of mass of théHe or 8He system. Calculated in

aside, in a comparison between a realistic three body aprape | are the root mean squared matter radiygd of the

proach(treating the antisymmetry correctand the reduc- \\hole nucleus, the rms radius of the two neutron-two proton

ible two body approximation, the authors of RE86] note 516 wave functionr(,), the standard deviation of the core

little diff_erence at ir_ltermediate and long ranges. They do ﬁnCtArc), the valence neutron matter radius,, the standard
small_ differences in the sh(_)rt range behavior of the WaV&jeviation of the valence neutron wave functioir(), the
functions, but these are of little consequence when descrisy 4 ation energy of the valence neutrons, the separation dis-
ing intermediate energy glastlc scattering. Therefore W&ance of one standard deviation of the core and valence wave
would expect our results using these simpler models to diffef, ions, and a statement on whether the model has a halo
little from results using the more rigorous realistic models. structure as defined by this work. The definition of the stan-
dard deviation is
B. Nuclear structure of the four models

In Fig. 1, we have plotted the proton densitiesispace Ar=(r?)—=(r)%, (2.6
of all four structure models described above. The genera\’vhereas the separation distance is defined as
characterization is that the core two protons and two neu-
trons are more tightly bound in the two models that are de- Sy=r,—Ar,—Ar.—r;. 2.7
signed for exotic nuclei, these being the BS mo¢klid
line) and COSMA modellong dashed line These models Simply if S>>0 then we define this nucleus as having a halo
have a core close to that of the lofilde nucleus €1.6 fm).  because there is a well defined separation between the core
In contrast, the FZ4 moddkhort-dashed lineand the DH and halo centers. The only discernible halo nucleus is the
model (dashed-dotted linehave a core which ranges from COSMA model of ®He. It contains a tightly bounded core
12% to 20% larger than their exotic counterparts. wave function with adequate spacing between core and va-

The total neutron densities mspace have also been plot- lence nucleons. The COSMA model also has a significantly
ted for all four structure models fdtHe and®He in Fig. 2.  different asymptotic wave function shape. The other three
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TABLE I. Comparison of the four structure model observables with each other and experiment. The root
mean squared mattéms) radius ¢, of the whole nucleus, the rms radius of the two neutron-two proton
core wave functionr(.), the standard deviation of the cor&r(), the valence neutron matter radius), the
standard deviation of the valence neutron wave functibn,}, the separation energy of the valence neutrons
(S,n), the separation distance of one standard deviation of the core and valence wave fulgfipasd a
statement on whether the model has a halo structure as defined by this work. The experimental results are
from Ref.[41].

SHe
Model rms (fM]  rc [fm]  Arc [fm]  r, [fm]  Ar, [fm] S,,[MeV] Sy [fm] halo?
BS 2.90 1.61 0.63 4.47 2.59 0.98 -0.36 no
Fz4 2.54 1.98 0.81 3.39 1.52 1.80 -0.92 no
DH 3.75 2.00 0.84 5.84 3.49 0.19 -0.49 no
COSMA 2.57 1.77 0.69 3.68 1.20 - +0.02 yes
EXP 2.39 0.97 ? ?

8He
Model Fms (fM]  rc [fm]  Ar [fm]  r, [fm]  Ar, [fm] S, [MeV] Sy [fm] halo?
BS 2.84 1.61 0.63 3.68 1.91 3.12 -0.47 no
Fz4 2.57 1.95 0.80 3.08 1.24 3.47 -0.91 no
DH 2.75 1.90 0.79 3.39 1.41 2.68 -0.71 no
COSMA 2.52 1.69 0.66 3.14 0.99 - -0.20 no
EXP 2.49 3.1 ? ?

models do not define a halo for tfféle nucleus, as there is cluster model of Refs[20,2] will be referred to as
too much significant overlap between the core and valenceCOSMA.”
wave functions. No model produces a definitive halo for ~The full-folding optical potential also requires a model of
8He, although COSMA comes closest. the NN interaction. In this work, we use the Nijmegen |
In summary it is concluded that the most disparate strucinteraction[37]. We have also calculated some optical poten-
ture is the COSMA model. One would expect that becauséials using the CD BonMN potential[38]. This potential has
this model is used often to describe exotic nuclei, it shouldhe same tight constraints of the Nijmegen for its on shell
also best describe elastic scattering if the observables aMglues to agree with np and pp data, but the off shell ampli-
sensitive to the nuclear structure calculation. In the next sedudes are different. The elastic scattering calculations using
tion we will use these four models as input into our opticalthe CD Bonn potential show very little difference with those

potential to describe elastic scattering at the intermediate erihat use the Nijmegen potential. The conclusions drawn in
ergy range. this work are therefore independent of the choice of which

modernNN potential was used.

lIl. RESULTS AND DISCUSSION A. Elastic scattering results: effects of structure

The elastic scattering of protons frofiHe and 8He at The scattering observables for elastic proton scattering
incident proton energies from 66 MeV to 100 MeV are cal-from ®He at 71 MeV are displayed in Fig. 3. There are four
culated. At this energy range, the proton-nucleus elastic scatalculations on the figurausing the same legend as Figs. 1
tering data are scarce and exist only at forward angles. Wand 2. The solid line represents the elastic differential cross-
will focus on the reactions where experimental data for thesection calculated from a full-folding optical potential using
elastic differential cross sections exists, but we will alsothe BS model as the structure calculation, and the short-
comment on how our conclusions would change if the ex-dashed line represents a calculation of the observables from a
perimental database were enlarged. Other observables whiéhil-folding optical potential using the FZ4 model as the
are calculated in this work, for which no data exists, are thestructure calculation. The DH version of the calculation is
spin rotation functiorfQ) and the analyzing powe(). We  represented by the dot-dashed line while the optical potential
will also comment on sensitivity to these observables. using the COSMA structure model was used in the calcula-

The full-folding optical potential used for these results istion of the long-dashed line. All models use the Nijmegen |
calculated as outlined in Refg24,25, and we use the four nucleon-nucleon interaction. The experimental data for this
model densities as described in Sec. Il. We will refer to thereaction were given in Refl]. As also seen in Fig. 1, the
model of Ref.[26] as “BS.” The Dirac-Hartree model of only calculation which does not adequately describe the lim-
Refs.[29,30 will be labeled “DH.” The chiral point cou- ited experimental data for this reaction is the BS model. Re-
pling model of Ref.[27,28 will be labeled “FZ4.” The ferring to Table I, the only significant difference between
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FIG. 3. The angular distribution of the differential cross-section FIG. 4. Same as Fig. 3, except that the reaction is a proton at 66

(do/dQ), analyzing power 4,) and spin rotation functiotQ) are  MeV laboratory energy elastically scattering frothle. The data
shown for elastic proton scattering frofie at 71 MeV laboratory  are taken from Ref[1].

energy. All calculations are denoted with the same legend as Fig. 1.

The solid line represents the calculation performed with a first-ordegensitivities due to the structure calculation are not strong

full-folding optical potential using the boot strap nuclear structureenough, given the experimental error, to ascertain the struc-

model [26] as an input to the optical potential. The short-dashedture of 8He. According to Table I, the COSMA model has a

line represents the same calculation using a chiral m@fe2g for o dafined valence ring than the others, but the differential

the nuclear structure ofHe. The dash-dotted line represents the oo ovion experimental data are unable to differentiate the

same calculation using a Dirac-Hartree md@8,3Q as the nuclear \{alidity of any of these disparate models unless experiment-
I

structure calculation and the long-dashed line has a cluster orb ble t the diff tial i ith
shell model approximatiofCOSMA) [20,21] as a model. All cal- ers were able 1o measure e diilerential Cross section with a

culations use Nijmegen | for thelN interaction[37]. The data Margin of error of less than 20% at angles above 65°.
(circles are taken from Ref[1]. In Fig. 6, we explqre a higher energy reaction where no
experimental data exist. Here, we calculated protons scatter-
this model and other models is the extremely small cordng from ®He at 100 MeV. Once more, the calculations use
which mimics the size of a lon&He nucleus. The other three the same models and line definitions as in Figs. 3—5. Again,
models agree favorably with the limited data, yet when onghe three structure calculations give similar res(isi,FZ4,
looks at their features there are large differences in theicOSMA). The BS model runs high through the whole cal-
binding energies, rms radii, and presence of a discernibleulation, similar in significance to the previous figures. Po-
halo. Therefore, it is impossible to draw any conclusiongarization experiments also tell us little below 70° scattering
about the structure ofHe valance neutrons from this reac- center of mass angle. Even at 100 MeV the elastic reaction is
tion. We may draw some inferences on the appropriate siz#sensitive to the structure of the valence neutron§Hie.
of the core from looking at the results produced using the BS Recently, in Ref[13], a similar study was done using
model, but the shape and existence of a halo cannot be d#éese elastic reactions and pion production. The authors con-
termined from this reaction. cluded that neither’He nor 8He were halo nuclei. Their
In Fig. 4, we calculate elastic scattering frofhle at a

projectile energy of 66 MeV. The legend represents the same 0 5
calculations as in Fig. 3. The experimental data are from Ref. > 101
[1]. All four models adequately represent the data. The one g 10
model with the most significant differences in shape is again S 107
the BS modeland only at higher anglesThis model has the > 107 oty
tightest core, and a loose valence wave function, as it had for © o5k \;-;i_,;‘xf‘é
®He. There is nothing that can be learned about the valance < 00 3
structure of 8He from studying this reaction’s differential -05F 3
cross section for the data which exist. Polarization measure- -1.0 t : : ; ]
ments(specificallyQ) may be used if polarized experiments 05F
are done at large angles to high accurazy60°). T 00Ff

We move to a slightly higher projectile energy in Fig. 5, —(1).3
where protons are scattered frdthle at a projectile energy o 20 20 80 80 100

of 72.5 MeV. Again, the calculations have the same legend 9, . [deg]
as given in Figs. 3 and Fig. 4. The data for this calculation o

are the most extensive in this energy range, they approach FIG. 5. Same as Fig. 3, except that the reaction is a proton at
the 65° center of mass angle. Unfortunately the structure of2.5 MeV laboratory energy elastically scattering fréide. The
8He still cannot be determined from this experiment. Thedata are taken from Ref2].
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m s 10°F T
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S 107'E d £ a ]
g 10-3 fr"He (}:Iv,p) 100 MeV “1 g 10! -r ‘ 1
0.5¢ X E "g é'“He (p,p) 66 MeV R\ é
< 0.0F ~ 1073ty 11 T
- E =] 0 20 40 60 80 100120
0.5¢ ]
-1.0f ] Oem[deg]
05¢ FIG. 7. The angular distribution of the differential cross section
d 0405 (do/dQ) is shown for elastic proton scattering frofiHe at 66
:(1)'% : MeV laboratory energy. The solid line is a calculation without me-

0 50 40 6'0 8_0 dium effects; the short dashed line has medium effects included.
6. [deg] Both calculations use a chiral model7,2§ for the nuclear struc-
S ture calculation of®He and use the Nijmegen | potentf@7] as
FIG. 6. Same as Fig. 3, except that the reaction is a proton aheir NN interaction. The datécircles are taken from Ref1].
100 MeV laboratory energy elastically scattering fréhte. No data

oxists for this reaction. the same calculation is done using the FZ4 structure calcu-

lation and mean field using the same FZ4 model. Both cal-
culations give the same results: when the medium effect is
inclusion of a halo in their structure calculations always low-added, it systematically lowers the differential cross section
ered the differential cross section at angles greater than 158lightly. In general, the effect is smaller than for larger spin-0
In this present work, we did not find such a simple relation-nuclei previously studief31,32,34. Since these are smaller
ship between nonhalo and halo nuclei. In fact, the most exnauclei, and less tightly bound, this conclusion seems reason-
treme halo model oPHe (dashed line: COSMAwas not at  able. However, it is important to note that this small change
either extreme of the differential cross section calculation oflid not lead to a better description of the experimental data,
Fig. 5. We therefore conclude that the differential cross secin contrast to earlier work with other nuclei where there was
tion is only slightly sensitive to the existence of a haBy), & Systematic improvement. _ _
the spread of the hala\(,), the radius of the core nucleons At higher energies, these trends continue, although their
(r.), and the binding energy of the core nucleons ), all  effects are smaller. We plot in Fig. 9 the elastic observables
of which are coupled to each other in a complex fashion. Th@f ®He at an energy of 100 MeV colliding with a proton. As
structure parameter that seems to have the most influence itFig. 7, the solid line represents the DH calculation without
this energy is the radius of the COI"EHG partic|e_ There MmMean field effeCtS, while the dashed line includes the effects.
seems to be almost complete insensitivity to the valence nelBoth calculations use the Nijmegen | potential. These me-
tron wave functions. To reiterate, the COSMA model has &lium effects are barely discernible at this higher energy. This
very distinct asymptotic Shape for the valence neutrons, anHend has been seen before in earlier work with other nuclei
this uniqueness does not transfer into the differential crosk31,32. For completeness, in Fig. 10 we have calculated the
section as exhibited by the similarity in the calculations. ~Same reaction as Fig. 9 except we now use the FZ4 structure
calculation and mean fieltlashed lingfor 8He. The same
conclusions are reached. By using two different models, we
conclude that this mean field procedure leads to results that

~ So far in this work, we have used the impulse approximazre model independent and smaller than doubly magic nuclei
tion, setting the medium field to zero. In previous work two gt the same energies.

of the author§Ch.E. and S.P.\Wshowed that at 65 MeV, if

a medium field was use@s outlined briefly in Sec. Il, and in

more detail in Refs[31,32,34) then there was a systemati- V. SUMMARY AND CONCLUSION

cally better fit with elastic scattering observables across a We have presented sensitivity tests for elastic scattering
wide range of stable spin-0 nuclei. observables of protons bombarded witHe and®He. Here,

For two of the structure calculations, the DH and the FZ4,
we added a mean field consistently. If we used a DH struc-
ture model then we used the same DH model to simulate our
mean field; likewise, this was also done using the FZ4 struc-
ture model. Overall the effects of adding this mean field to
the ®He and ®He calculations of elastic scattering observ-
ables were smaller than seen previously for other nuclei. I

In Fig. 7, we compare two calculations 8fle elastically 10 b P ——

. . 0 20 40 60 80 100120
scattering off a proton at 66 MeV. Both calculations use the 9, . [deg]
DH structure calculation and the Nijmegen | interaction. The o
difference is that the solid line sets the mean field to zero, FIG. 8. Same as Fig. 7, except both calculations use a Dirac
while the dashed line includes it. For comparison, in Fig. 8 Hartree calculatiofi29,30 to model ®He.

B. Medium effects

108

10'F

—
(@]
[
T
|

D
D

e °He (p,p) 66 Me N
A I ]

do/dQ(mb/sr)
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103 e '

Lk ] ~ 0% ]
g 10 E z 1 1
=~ fo] 10
c: F 4 E E
S 107k ] E a ]
I E =

< ,["He (p,p) 100 MeV 3 107'F .
{0 R S I I B o E, ™
0 20 40 60 20 o 10_3% He (p;,p) 100I MeV | ~
Ocm[deg] 0 20 40 60 80

. L 0 d
FIG. 9. Same as Fig. 7, except that now the reaction is at 100 emldeg]
MeV laboratory energy. There is no data for this reaction. FIG. 10. Same as Fig. 8, except that now the reaction is at 100
MeV laboratory energy. There is no data for this reaction.

we found that elastic scattering is a weak tool for determin- . .
9 500 MeV/nucleon[4] has had some success in determin-

ing the structure of these isotopes. These conclusions we truct thouah th NSt Usi tical
drawn by using four different nuclear structure models thaNg Structure, althoug €y warn against using an optica
odel approach, as used hgs8]. Inelastic hadron reactions

had different spatial characteristics in the calculation of th 40] (momentum distributions following fragmentation
roton-nucleus optical potential. All calculations using thes )
P P P 9 {16,41,42], transfer reactions[43], Coulomb breakup

structure models were in good agreement with the data th o . .
exist. In fact, the models not designed for exotic nuclei 44,43, ex0|tat_|on[46],_ and charged pion photo produchon
[47]) and an interesting concept using electron scattering

(Dirac-Hartree and chiral modelgid as well as, and some- [14] offer h t00ls to determi lusively the st
times slightly better than their made—for—exotic—nucleiture gfgaeoaf)rfd%aeoos 0 determine conclusively the struc-

counter partCOSMA and a simple “boot-strap” modgl
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