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ARTICLE INFO ABSTRACT

Aftid_e history: The proton drip-line nucleus ’Ne is considered a good candidate for a Borromean two-proton halo with
Received 5 February 2023 ] a 150 + p + p structure. Angular distributions of the elastic scattering and inclusive 'O production
Received in revised form 27 April 2023 for a 136 MeV 7Ne beam incident on a 298Pb target were measured for the first time at the SPIRAL1
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facility, GANIL. Use of the GLORIA detector array allowed high-resolution data over a wide angular range
from 20° up to 95° in the laboratory frame to be obtained. The elastic scattering angular distribution
shows similarities with those for both 6He and 2°Ne at equivalent collision energies with respect to the

Keywords: corresponding Coulomb barriers, exhibiting the suppression of the Coulomb rainbow peak characteristic
Direct nuclear reactions of strong coupling. Optical model and coupled channel fits suggest that this is due to a combination of
Radioactive beams coupling to low-lying quadrupole resonances and Coulomb dipole coupling to the low-lying continuum,
Optical model although their relative importance depends on the relevant B(E2) values which remain to be firmly
Elastic scattering determined.
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from a tightly bound core [1]. The reduced binding energy favours
tunnelling through the potential binding the valence nucleon(s) to
the core, producing an extended density distribution, the so-called
“nuclear halo”, surrounding the core. Known halo systems have a
large rms matter radius and a significant fraction of the Coulomb
dipole strength B(E1) is found close to the breakup threshold.
Several neutron halo systems have been identified during the last
few decades, and typical examples are: ®He (2n) [1,2], !'Li (2n)
[1,2], and ''Be (1n) [3,4]. Proton halo candidates are less common;
based on experimental evidence proton halo formation has been
proposed only for 8B (1p) [5-8] and '7Ne (2p) [9-11].

Reactions induced by halo nuclei exhibit special features due
to the role played by the low binding energy and the coupling to
the continuum [12,13]. At Coulomb barrier energies the dynam-
ics of halo nuclei are dominated by couplings between the elastic
channel and inelastic scattering, nucleon transfer and breakup. The
near-barrier elastic scattering of &-3He, 11Li and !'Be has been ex-
tensively studied [14-26]. A common feature is that the measured
angular distributions for elastic scattering from heavy targets ex-
hibit a long-range absorption pattern which reduces the yield from
relatively forward angles, and the usual Coulomb rainbow peak is
either completely absent or heavily suppressed.

Experimental information on proton halo scattering at low en-
ergies is relatively sparse, and only B has been studied so far, with
data sets for 12C [27], 27 Al [28], &Ni [29], %4Zn [30], 12%Sn [31] and
208ph [32,33,35,36] targets. Breakup coupling effects on the elas-
tic scattering appear modest, the data for higher incident energies
and/or lighter targets [27,28,30] exhibiting standard Fresnel-type
angular distributions. While the Coulomb rainbow peak does seem
to be suppressed for the other cases [29,31,33], this remains to be
confirmed experimentally for the >8Ni and 2%8Pb targets due to the
relatively poor statistics obtained, while the coupling effect for the
1205h target is somewhat smaller than for the neutron halo nu-
cleus ®He scattered from the same target [34]. Taken as a whole
the available data suggest that heavy targets and/or incident en-
ergies within a few MeV of the Coulomb barrier are required for
a significant coupling effect, in agreement with continuum discre-
tised coupled channels (CDCC) predictions [37].

The 7Ne nucleus is the most neutron-deficient of the neon
isotope chain, lying at the proton drip-line. Its two-proton sepa-
ration energy (Szp = 933.1£ 0.6 keV [38]) is much smaller than
the single-proton separation energy (Sp = 1464 & 5 keV [38]), and
the 16F subsystem is unbound by 535 keV with respect to pro-
ton emission. With a first excited state at an energy of 5.18 MeV
150 makes a reasonable core, and in this picture the two valence
protons are in an admixture of (231/2)2 and (1d5/2)2 configura-
tions. Thus 1”Ne is expected to exhibit a Borromean two-proton
halo [9,10] with a >0 + p + p structure, analogous to the well
known two-neutron halo nuclei in ®He and !!Li. The presence of a
halo is also inferred from the interaction cross sections [39,40], the
transverse-momentum distributions for two-proton removal [41],
and the beta decay [42].

However, the existence of a two-proton halo in 17Ne has been
the subject of debate from both theoretical and experimental
points of view (see, e.g., [43] for a discussion using a three-body
model). A recent study [11] using quasi-free knockout reactions
found the (151/2)2 contribution to the ground state accounting for
only 35+3%, from which only a modest halo effect was inferred.
It is therefore important to establish the strength of the breakup
coupling influence on the elastic scattering of '”Ne: Does it com-
pare to that seen for neutron halo nuclei or is it more modest,
as appears to be the case for 8B? Studies with both 8B and ®He
projectiles [37,44] have emphasised the importance of an incident
energy close to the Coulomb barrier together with a heavy tar-
get to provide a large Coulomb field if coupling effects are to be
maximised. The Coulomb barrier scattering of ”Ne has not been
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previously studied (see [45] for a review), and in this work we
present a high-precision measurement of the elastic scattering an-
gular distribution of 'Ne from the heavy target 208Pb together
with the inclusive 1°0 production cross section, covering the an-
gular range 65, = 20° to 95°.

2. Experiment and data analysis

The experiment was carried out at the SPIRAL1 facility of
GANIL, France. A pure !”Ne beam was produced by fragmentation
of a 2%Ne driver beam on a graphite target, followed by post accel-
eration by the CIME cyclotron to an energy of 136 MeV and deliv-
ery to the reaction chamber with an average intensity of 1.5 x 10*
pps. Scattered '”Ne nuclei and other reaction fragments were reg-
istered by the GLORIA (GLObal Reaction Array) detection system
[46], consisting of six charged particle telescopes, each formed of a
thin (40 pm) Double-Sided-Silicon-Strip-Detector (DSSSD) followed
by a thick (500 pm) silicon pad. The pad covered the entire active
area of the DSSSD and was used to measure the residual energy
of ions punching through the DSSSD. Two telescopes were placed
in the forward hemisphere, covering angles from 15° to 62° in the
laboratory frame, two in the backward hemisphere (117°-165°),
one above (82°-128°) and one below (52°-97°) the horizontal
plane identified by the centres of the forward and backward tele-
scopes. Pairs of contiguous telescopes had an angular overlap of at
least 10°. The target was a 1.2 mg/cm? thick self-supporting 2°8Pb
foil, and was rotated by about 60° with respect to the beam axis
to allow the detection of particles around 90°, enabling elastically
scattered '”Ne nuclei to be measured without gaps over a labora-
tory angle range from 15° to 165° with a resolution of about 3°.

The silicon pads were energy calibrated using a standard triple
alpha source containing a mixture of 23°Pu, #'Am, and 2%*Cm.
Elastically scattered '”Ne nuclei punching through the first de-
tection stage were subsequently used individually to perform the
energy calibration for each vertical and horizontal strip in the ar-
ray. In the calculation of the elastic scattering energy, losses due
to the detector dead layers and interaction with the target mate-
rial before and after the scattering were carefully accounted for.
This calculation was repeated for each pixel in a strip to account
for the different effective target thicknesses traversed by the elasti-
cally scattered 17Ne nuclei before detection. The energy deposited
in the strip was finally calculated by relying on the calibration of
the corresponding silicon pad. An energy calibration unaffected by
the non-uniform thickness of the DSSSD was thus obtained. The
average energy resolution achieved was around 200 keV. Through-
out the experiment a test signal of calibrated amplitude and fixed
frequency (& 2 Hz) was sent to all preamplifiers to monitor the
stability of the electronics and its efficiency and the dead time,
which was found to be negligible due to the low intensity of the
radioactive beam.

Elastically scattered 'Ne nuclei were identified using the
Epsssp versus Epsssp 4 Epaq distributions. Epsssp denotes the en-
ergy deposited by the ion in a given vertical and horizontal strip of
the first detection layer and Ep,q its residual energy, deposited in
the corresponding silicon pad where the ion stopped. The collected
statistics enabled the identification to be performed pixel-by-pixel,
minimising the loss of resolution due to any non-uniformity in the
thickness of the DSSSDs. Fig. 1 shows a typical calibrated Epsssp Vs.
Epsssp + Epad distribution for a pixel in one of the forward tele-
scopes at Oy, ~ 60°. The locus of elastically scattered !”’Ne ions,
indicated by the red line, is identified with excellent separation
from the neighbouring loci for fluorine and oxygen isotopes. The
corresponding kinematic curve of the elastic events is shown in
Fig. 2.

The analysis was restricted to events detected in time coinci-
dence with the beam radio-frequency. In this way, spurious events
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Fig. 1. Energy-loss (Epsssp) vs. total energy (Epsssp + Epad) distribution of outgoing
fragments for a pixel in the forward hemisphere of the GLORIA array (6}, = 60°).
The locus of elastically scattered '”Ne nuclei is identified by the red line. Dashed
blue and green lines denote the loci of fluorine and oxygen ions respectively.
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Fig. 2. Kinematics plot (Energy vs. scattering angle) of elastic events corrected for
energy losses in the target and detector dead layers. The red line denotes a calcu-
lation of the kinematics. Energy resolution is about 120 keV at the most forward
angles.

were removed. The ”Ne + 298Ppb elastic scattering yield was ob-
tained pixel-by-pixel using suitable identification cuts, as shown in
Fig. 1. Considerable care was devoted to correcting the position-
ing of the detection array for possible small beam misalignment at
the target position. This is a crucial step, since the elastic scatter-
ing cross section varies rapidly with scattering angle, particularly
at forward angles. The position of the beam on the target, and
therefore the detection angle for each pixel in the array, was de-
termined by minimising the difference between the differential
elastic scattering angular distribution measured by the two tele-
scopes positioned in the forward hemisphere. The error function
in the beam position parameter space led to a unique absolute
minimum. After determining the beam position on target, a de-
tailed simulation of the GLORIA array was carried out to estimate
angle and solid angle for each pixel. The elastic scattering angular
distribution was then obtained as follows:

Oel(Oem,i) —k Ney,i 1)
ORuth (Ocm, i) AQ;sin? (@)

where Nej; is the yield of elastically scattered '”Ne measured
by the i-th pixel, Ocm; and AQ; are respectively its angle and
solid angle in the centre-of-mass reference frame, and k is a con-
stant determined assuming that at small scattering angles (6c.m =
20°-30°) the elastic scattering cross section has the Rutherford
value.
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Fig. 3. (a) 136 MeV "Ne + 298Pb elastic scattering angular distribution. (b) 131 MeV
20Ne + 208pp [49] elastic scattering angular distribution. The solid curves denote the
optical model fits described in the text.

Finally, since the elastic scattering cross section using non-
polarised beams is azimuthally symmetric, measured ”Ne yields
and solid angles were summed over pixels at similar polar angles
(£1.5°) differing only in azimuthal angle. The statistics were thus
maximised and the uncertainties of each data point reduced. The
resulting elastic scattering angular distribution is plotted on Fig. 3
(a) as the filled circles.

The inclusive oxygen production cross section was obtained in
a similar manner, selecting events contained within the oxygen lo-
cus (dashed green line on Fig. 1). Unfortunately, due to the low
statistics and the energy spread of the AE detector it was not pos-
sible to obtain a clean isotopic identification. Nonetheless, due to
the Borromean structure of '”Ne one would expect the production
of oxygen to be dominated by '°0 core fragments; for example,
the Q value for the 298pb(17Ne,!%0)2!1Po stripping is —0.823 MeV
whereas the optimum Q value for this reaction is approximately
—20 MeV. The resulting angular distribution is plotted on Fig. 6 as
the filled circles.

3. Comparison with other systems

The most conspicuous aspect of the 17 Ne + 208ph elastic scatter-
ing angular distribution plotted in Fig. 3 (a) is the suppression of
the usual Coulomb rainbow peak, an unmistakable sign of strong
coupling [47]. In this respect it bears a striking similarity to the
near-barrier ®He + 208Pb elastic scattering, see, e.g., the 27 MeV
6He + 298pp data of Kakuee et al. [14]. For ®He this suppression
of the Coulomb rainbow peak is largely due to strong E1 coupling
to the low-lying continuum. It is thus tempting to ascribe the ob-
served behaviour of the 17Ne elastic scattering to a similar cause,
particularly when it is recalled that the 1n and 2n thresholds of
6He, 1710 keV and 975 keV respectively, are similar to the 1p and
2p thresholds of 1”Ne. However, while this is an appealing hypoth-
esis, it is too simplistic since, for example, it has been shown [48]
that for proton halo nuclei the charge on the valence particle(s)
leads to a significantly larger “effective” binding energy compared
to the equivalent neutron halo when considering the breakup cross
section.

The 17Ne + 208Pb elastic scattering also closely resembles the
20Ne and 22Ne + 298pb elastic scattering at 131 and 132 MeV re-
spectively [49,50], the former particularly so, see Fig. 3 (b). In these
systems the strong E2 coupling to the collective ZT levels leads to
the suppression of the Coulomb rainbow peak. The 2°Ne 27 level is
at an excitation energy of 1634 keV and has a B(E2) = 340 e2fm?,
the corresponding values for 22Ne being 1275 keV and 230 e2fm*
respectively. The smaller B(E2) value for %2Ne leads to a signif-
icantly smaller coupling effect on the elastic scattering. In 1”Ne
there are two low-lying resonances coupled to the 1/2~ ground
state by E2 transitions, the 1.288 MeV 3/2~ and the 1.764 MeV
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Table 1
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Best-fit optical model potential parameters for 136 MeV "Ne + 298Pb and 131 MeV 2°Ne + 298Pb, The imaginary parts contain both volume and derivative Woods-Saxon
terms (the notation follows Ref. [57]). Both potentials also include a fixed volume Woods-Saxon imaginary term with parameters: W =10.0 MeV, ryy = 1.0 fm and ay = 0.3
fm. The Coulomb potential radius parameter was rc = 1.30 fm in both cases and Ry =ry x (Ap]/3 +A3).

Projectile V (MeV) ro (fm) ap (fm) W (MeV) rw (fm) aw (fm) Wp (MeV) rp (fm) ap (fm)
17Ne 63.53 1.300 0.309 0.627 1.300 1.790 11.82 1.344 0.438
20Ne 58.76 1231 0.579 0.345 1302 2.705 22.56 1.267 0.433
5/27. Two separate experimental determinations of the relevant T
B(E2) values are available in the literature: B(E2;1/27 — 3/27)
= 95728 e2fm* and B(E2;1/2~ — 5/27) = 179 26 e2fm* [53] or — "Ne
B(E2;1/2~ — 5/27) = 90 + 18 e2fm* [12]. In order to make a —— PNe ]

direct comparison with 2°Ne and #2Ne the difference in spin fac-
tors for '’ Ne must be taken into consideration; if this is done the
equivalent B(E2)s for 17Ne are a factor of two smaller than the ac-
tual non-spin-zero values, suggesting only a modest coupling effect
compared to the stable Ne isotopes.

We thus find that while there are superficial strong resem-
blances between the ”Ne + 298ph elastic scattering and that for
other similar systems, interpreting them in terms of characteris-
tic nuclear structure properties is not straightforward. We there-
fore now proceed to a theoretical analysis, beginning with optical
model fits.

4. Optical model analysis

Since the 131 MeV 20Ne + 208ph elastic scattering data of Gross
et al. [49] most resemble the present '”Ne data and many other
important parameters of the two systems are similar: Coulomb
barrier height, projectile charge, r.m.s. radius, incident energy, etc.,
we perform parallel optical model fits to both data sets. Compar-
ison of the resulting potentials will provide some indication as to
which aspect of the structure of 7Ne is most important in deter-
mining the character of its elastic scattering. All calculations were
performed with the code FRESCO [54].

The fits employ standard Woods-Saxon potential forms, volume
for the real parts and volume plus derivative for the imaginary.
This combination is essential in order to obtain the best possible
fit to the 17Ne data without producing unphysical cross sections
in the angular range where there are no data. The resulting vol-
ume imaginary term is shallow but of long range, a characteristic
it shares with semi-classical polarisation potentials for Coulomb
excitation, see e.g. Refs. [55,56].

The optical model fits are shown together with the data in
Fig. 3; the description is good in both cases, the x%/N values being
0.46 and 1.24 for 'Ne and 2°Ne respectively. The corresponding
parameter values are given in Table 1. Equivalent fits are of course
possible with alternative parameter sets, but we have confirmed
that the differences between the '’Ne and 2°Ne optical potentials
are robust and physically meaningful. The total reaction cross sec-
tions are 1800 mb and 1817 mb for ”Ne + 208Pb and 2°Ne + 208pb
respectively, essentially identical.

In Fig. 4 the best-fit optical model potentials as a function of
radius for the two systems are compared. The real part is much
weaker for '”Ne whereas the imaginary part is slightly stronger in
the region of the strong absorption radius, approximately 13 fm
for these systems. This is suggestive of a significant contribution
from breakup for !’Ne that is not present for 2°Ne, the differ-
ences between the optical model potentials being consistent with
the properties of the dynamical polarisation potential generated by
breakup. On the other hand, the semi-classical dynamical polar-
isation potential for quadrupole Coulomb excitation is essentially
purely imaginary and proportional to the B(E2); a comparison of
the imaginary parts of the optical potentials therefore suggests that
Coulomb excitation of the two low-lying E2 resonances in !”Ne is
not a major contributor.

V(r) (MeV)

W(r) (MeV)

| | | | |
15 16 17 18 19 20

r (fm)

Fig. 4. Best-fit optical model potentials as a function of radius for 136 MeV '7Ne +
208pp (solid curves) and 131 MeV 29Ne + 298ph (dashed curves).

The optical model analysis thus points to a less important influ-
ence on the elastic scattering of '”Ne of E2 Coulomb coupling to
the low-lying 3/27 and 5/2~ resonances than is the case for the
similar 07 — 27 coupling in 2°Ne. In the next section we further
investigate this by explicit coupled channels (CC) calculations.

5. Coupled channels analysis

We fit the 7Ne + 208pb and 2ONe + 208Pb elastic scattering data
with CC calculations including quadrupole couplings to the 3/27
and 5/27 resonances of !”Ne and the bound 27 level of 2°Ne using
the standard CC formalism [51,52]. The two !”Ne resonances are
thus treated as if they were bound. This should be a reasonable
approximation since both levels are very narrow. In addition, the
3/27 level can only decay by either simultaneous 2p emission or
the emission of a y ray; only the y decay has been observed [53].
No evidence for simultaneous emission of 2 protons from the 5/27
resonance has been found, only sequential decay via the ground
state of 16F [53].

For 7Ne we use the B(E2;1/2] — 5/27) of Marganiec et
al. [12] and assume that the 3/27 level forms part of a rotational
band together with the 5/27 and the ground state. The nuclear
deformation length §, was extracted from the B(E2) assuming the
collective model using the measured charge radius of 7Ne [58].
For 2Ne, the B(E2;0; — 2) is taken from the compilation of
Raman et al. [59] and &8, obtained by fitting the inelastic scatter-
ing data of Gross et al. [49]. Reorientation couplings are included
as appropriate with strengths obtained assuming the collective ro-
tational model. Optical potentials employ standard Woods-Saxon
forms and were adjusted to give the best fit to the elastic scatter-
ing data when the inelastic couplings are included.
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Fig. 5. (a) 136 MeV '"Ne + 208pb elastic scattering compared to a CC calculation
using the B(E2) values of Marganiec et al. [12]. (b) 136 MeV '"Ne + 208Pb angular
distribution compared to a CC calculation using the B(E2) values of Chromik et al.
[53]. (c) 131 MeV 20Ne + 208ph [49] elastic scattering compared to a CC calculation
using the B(E2) value of Raman et al. [59]. Solid curves denote the CC fits described
in the text while dashed curves denote the respective bare, no-coupling results.

The resulting fits are compared with the data in Fig. 5 (a) and
(c). The solid curves denote the CC fits and the dashed curves show
the effect of switching off all couplings. The difference between
the solid and dashed curves thus provides a qualitative indication
of the coupling effect. The fits are again good, with x2/N values
of 1.21 and 0.66 for '”Ne and °Ne respectively. The corresponding
reaction cross sections are 1903 mb and 1968 mb, with total in-
elastic scattering cross sections of 350 mb and 627 mb. Thus, the
E2 coupling to low-lying levels accounts for ~ 18% and ~ 32% of
the reaction cross section for ”Ne and 2°Ne respectively.

It is immediately apparent that the coupling effect is signif-
icantly smaller for '”Ne. Indeed, a comparison of the solid and
dashed curves for 2°Ne suggests that the 07 — 2] coupling ac-
counts for the bulk of the coupling influence on the elastic scat-
tering, whereas for 1”Ne it is clear that the quadrupole coupling to
the two resonances only accounts for a relatively modest fraction
since the bare, no-coupling angular distribution does not show the
usual pronounced Coulomb rainbow peak, unlike the 2°Ne case.
The CC calculations therefore seem to confirm the indications of
the optical model fits: in contrast to 2°Ne the E2 Coulomb cou-
pling to low-lying levels is not responsible for a significant part
of the observed suppression of the Coulomb rainbow peak in the
17Ne + 298pp elastic scattering. However, since the B(E2;1/2] —
5/27) of Marganiec et al. [12] is about a factor of two smaller than
that of Chromik et al. [53] it is necessary to check whether this
conclusion depends significantly on which value is chosen. To this
end a similar CC fit was performed using the Chromik et al. B(E2)s
and the results are shown in Fig. 5 (b). We now see a substantial
coupling effect, similar to that found for the OT — 2;“ coupling in
20Ne. The importance of the effect will also depend on the value
of 8, which is not well determined for !”Ne since there are no “in-
elastic scattering” data available with which to fix it. A test CC fit
to the data using the Chromik et al. [53] B(E2)s but with a &, 80%
of the “collective model” value found that while the coupling effect
is slightly reduced, it is still comparable with that for 2°Ne.

The question of which of the B(E2) values available in the lit-
erature is most accurate is thus of vital importance in determining
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Fig. 6. Results of CC calculations of excitation of the !’Ne 1.764 MeV 5/2~ reso-
nance compared to the measured inclusive >0 angular distribution (filled circles).
The CC results were suitably transformed to the equivalent laboratory frame >0 an-
gular distribution via a Monte Carlo simulation. The solid curve denotes the result
of a calculation using the B(E2;1/27 — 5/27) of Marganiec et al. [12], the dashed
curve a calculation using that of Chromik et al. [53] and the dotted curve a calcu-
lation with the Chromik et al. B(E2;1/2] — 5/27) but a §; 80% of the “collective”
value, see text.

whether the E2 coupling plays a significant réle in the "Ne +
208ph elastic scattering. The measured inclusive >0 production an-
gular distribution may give some indication since it provides an
upper limit on the possible cross section for excitation of the two
E2 resonances. In fact, since the 1.288 MeV 3/2~ resonance has
only been observed to decay by y emission, only excitation of the
1.764 MeV 5/27 is relevant to this comparison. The CC calculations
produce 7Ne* angular distributions in the centre of mass frame,
whereas the data are for the (inclusive) 10 angular distribution in
the laboratory frame. The CC angular distributions were therefore
transformed into the equivalent laboratory frame 50 angular dis-
tributions by means of a Monte Carlo simulation of the sequential
proton decay of the '”Ne 1.764 MeV 5/2~ resonance via the (un-
bound) 0~ ground state of '®F. The results are compared with the
inclusive 10 angular distribution in Fig. 6.

Fig. 6 provides additional support for the conclusion that the E2
coupling to the two low-lying resonances in '”Ne does not have a
substantial influence on the elastic scattering, since the CC cross
section for excitation of the 1.764 MeV 5/2~ resonance calculated
using the B(E2) of Chromik et al. [53] significantly over predicts
the measured inclusive >0 cross section at 6y, = 25° - 40°. A
definitive conclusion concerning the importance of the quadrupole
coupling to these two low-lying resonances in !”Ne will neverthe-
less require a further determination of the relevant B(E2) values
and/or a measurement of the inelastic scattering to the 1.288 MeV
3/27 level (recall that proton decay of this level appears inhibited
so that it should be possible to measure an inelastic scattering an-
gular distribution in a conventional experiment).

6. Summary and conclusions

Angular distributions for the elastic scattering and inclusive 150
production cross sections of the drip-line nucleus '”Ne from a
208pp target were measured for the first time at the GANIL SPIRAL1
facility. The experiment was performed using the GLORIA detec-
tor array, providing high-resolution data over the range 6, = 20°
to 95°. A near-barrier incident energy (136 MeV) and heavy tar-
get were specifically chosen to maximise possible coupling effects
due to the Borromean nature and potential two-proton halo of the
weakly-bound 1”Ne.

The elastic scattering data exhibit the suppression of the
Coulomb rainbow peak characteristic of the influence of strong
couplings. This is the first time that such an effect has been un-
ambiguously seen for a proton halo projectile, the available data
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for 8B being inconclusive in this respect. Superficial similarities
between the 1”Ne data and those for near-barrier ®He and 2°Ne
elastic scattering from 2°8Pb suggest that E1 coupling to the low-
lying continuum and/or E2 excitation of low-lying quadrupole
resonances in !’Ne could be responsible, but interpreting these
in terms of specific nuclear structure properties is not straightfor-
ward.

A parallel optical model analysis of the 136 MeV ”Ne + 208pp
and 131 MeV 20Ne + 208pp [49] elastic scattering data described
well both angular distributions with standard Woods-Saxon po-
tential forms. The real part consisted of a volume term and the
imaginary part a surface derivative term plus a shallow, long-
range volume term for both systems. The long-range volume
imaginary terms have similar characteristics to semi-classical po-
larisation potentials simulating the effect of Coulomb excitation
[55,56]. Detailed comparison of the best-fit potentials, particularly
the real parts and the long-range imaginary terms, suggests that
quadrupole coupling to the 1.288 MeV 3/2~ and 1.764 MeV 5/2~
resonances does not play the major role in the observed suppres-
sion of the Coulomb rainbow peak. It is also interesting to note
that, despite the weakly-bound nature of ”Ne, the deduced reac-
tion cross section is similar to that obtained from the 2°Ne data.

A more detailed description within the CC framework supports
the suggestion of the optical model analysis that the quadrupole
coupling to the two resonances is not the main cause of the ob-
served strong coupling effect on the 17Ne + 298Ph elastic scattering.
While a CC calculation based on the larger of the available B(E2)
values [53] does show a similar influence of these couplings to
that of the 0] — 2 coupling in 2°Ne, the corresponding angular
distribution for excitation of the 1.764 MeV 5/2~ resonance sig-
nificantly over predicts the inclusive >0 angular distribution at
forward angles. Since the inclusive 130 cross section presents an
upper limit for the 17Ne — 10 + p + p breakup cross section this
result appears to be ruled out; a definite answer will require a
firm determination of the relevant B(E2) values. A CC calculation
using the B(E2) of Marganiec et al. [12] is consistent with the
main coupling effect being due to other sources, most probably E1
excitation to the low-lying continuum of 17Ne, although confirma-
tion of this will require CDCC calculations explicitly including the
breakup couplings. Recall that 7Ne also has a 1/2F resonance at
an excitation energy of 1.908 MeV, coupled to the ground state by
an E1 transition, which may also play an important role.

The new data therefore provide an important addition to the
available information on the scattering of halo nuclei, with the
first unambiguous evidence of strong coupling effects for a pro-
ton halo nucleus. An initial analysis was presented, consisting of
optical model and CC fits. Strong indications that the observed cou-
pling effect is mainly due to excitation of the low-lying continuum
rather than the two narrow E2 resonances of '”Ne were found.
Nevertheless, fully to understand the effects of the two-proton halo
in the reaction dynamics of 1”Ne additional scattering data cover-
ing a wider range of energies and targets as well as resolution of
the different B(E2) values will be required in addition to extended
CDCC calculations.
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