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Abstract. The breakup of!Be on carbon and lead targets around 70 MeV/nucleon is igaet within a semiclassical

framework. The role of thtg+ resonance is analyzed in both cases. It induces a narrowipéak nuclear-induced breakup
cross section, while its effect on Coulomb breakup is snidle nuclear interactions between the projectile and trgetar
is responsible for the transition toward this resonanestghe influence of the parametrization of #%8e-n potential that
simulatest!Be is also addressed. The breakup calculation is found t@pertient on the potential choice. This leads us to
question the reliability of this technique to extract spestopic factors.

1. INTRODUCTION

The !Be nucleus is one of the best known one-neutron halo nudtehdlo structure has thus been the subject of
many theoretical and experimental analyzés [1]. In padicbreakup reactions are used as tools to extract itstateic
properties|[2,13]. Various theoretical models have beemrldped to interpret the experimental data [4]: perturlmatio
expansion, adiabatic approximation [5], Eikonal mode| [gjupled channel with a discretized continuum (CDCC)
[[@, 8], and numerical resolution of a three-dimensionaktidependent Schrédinger equation [9].

Recently, the breakup étBe on both lead and carbon targets has been measured at RH§ENE0 MeV/nucleon
[3]. In the present talk, we investigate these reactionk witime-dependent technique. This reaction model is based
on a semiclassical approximatian [9) 10] in which the reatnotion of the projectile and the target is approximated
by a classical trajectory. Therefore, the projectile isnsae evolving in a time-dependent potential that simulates
its interaction with the target. This approximation leaolsite resolution of a time-dependent Schrédinger equation.
Different techniques have been developed to solve thistegud.l,(12] 13, 14, 1%, 16]. We use the technique described
in Ref. [16].

Up to now,1Be is described in all reaction models as a two-body systetala neutron loosely bound to a
structureles$®Be core. The interaction between the neutron and the coredglad by a simple local potential. This
10Be-n potential is usually adjusted to reproduce the bowstésf'Be [11,12] 13, 14, 15]. Itis of course important
to analyze the accuracy of that description. In particuag needs to know what is reproducible using such a simple
model, and what is not. In a recent paper, we studied the bpeak!'Be on a'°C target [17]. For that study, we
developed a neW’Be-n potential that reproduces not only the bound statédB#, but also its first resonant state
above the one-neutron threshold. That resonance is fouirdite a narrow peak in the breakup cross section. A
similar peak is observed in the experimental data. This asigghat the resonance can be fairly well reproduced in
the two-body description, and that its presence in reactiodels is required to reproduce the experimental data. In
this talk, we present the results of this analysis. We alssqmt recent calculations of the Coulomb breakuftBé.

In particular, we discuss the role played by the resonandbahreaction and compare it to its role played in the
dissociation ort’C.

Besides the capability of this simple two-body descriptiomeproduce physical levels étBe, the sensitivity of
the calculations to the parametrization of #3Be-n potential must also be assessed. In particular, ttakbpecross
section should not be too sensitive to the potential chdioae wishes to reliably extract spectroscopic information
from measurements. In this talk, we present the first regiilgich an analysis. The results of calculations of the
Coulomb breakup of'Be performed with different’Be-n potentials are discussed.
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FIGURE 1. Semiclassical scheme of the reaction. In the projecRlerést frame, the targefl{) follows a classical trajectory

described by the time-dependent relative coordiffatEhe projectile is assumed to have a two-body structuregnientf loosely
bound to a core. Their relative coordinate i&

The talk is structured as follows. After a brief descriptafrthe time-dependent model and the parametrizations of
the potential that describé&Be, we present, in Seld 3, the results we have obtained inréakip ont2C [17]. The
analysis of the Coulomb breakupdBe is discussed in S€d. 4. The final section contains our adimg remarks.

2. THEORETICAL FRAMEWORK

2.1. Time-dependent model

We consider the breakup of a projectitéby a targefl. The projectileP is assumed to have a two-body structure:
a pointlike and structureless fragmenfof massm; and chargé&;e) loosely bound to a structureless caréof mass
m; and chargeZ.e). The target is seen as a structureless particle of mmasand chargeZre. In the semiclassical
approximationl[9, 10], th®-T relative motion is treated classically: in the projectéstrframe, the target is assumed
to follow a classical trajectory (see FIg. 1). Therefore, ithteraction between the projectile and the target is sitadl
by a time-dependent potential. The internal motion of theqatile, however, is treated quantum mechanically. The
wave function¥ describing this motion is solution of the following timesndent Schrodinger equation:
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wheref is the relative coordinate of the fragment to the cétés the time-dependent coordinate that describes the
trajectory of the target in the projectile rest frame, &xdandrst are respectively the core-target and fragment-target
relative coordinates as illustrated in Hig. 1.

In Eq. @), the Hamiltoniaity describes the internal structure of the two-body projeclilis the sum of the kinetic
term and the local potentist, which simulates the interaction between the core and gfent (see Sec.2.2). The
potentialsvVct andVst model the core-target and fragment-target interacti@spactively. They comprise a Coulomb
term and a short-range optical potential, which simulatesnuclear interaction. The latter is usually chosen in the
literature.

Eq. (@) is solved with the initial condition that at timie— —o the projectile is in its ground state. The wave
functionW at timet is then obtained iteratively using the evolution algorithescribed in Refl[16]. The calculation is



TABLE 1. Parameters of th&"Be-n potentials [see Eq{l(3)-
@)]. Note thatRy used in[(B){(b) is parametrized B@A%/S.

Potential  Vieven ~ Modd Vis a o
(MeV) (MeV) (MeVim2) (fm) (fm)
Vi 62.52  39.74 21.0 0.6 12

V2 66.325  38.37 12.44 0.5 1.2
V3 58.905 40.025 27.68 0.7 12

V4 71.28 49.015 29.95 0.6 11
V5 55.25 32515 12.86 0.6 13
V6 59.05 59.05 0 0.62 1.236

performed for different trajectories parametrized by thpact parametds. For each trajectory, we deduce the breakup
probability by projecting the output wave functi#{(r,t — +o) onto the positive eigenstatestdf that describe the
continuum of the projectile. The breakup cross sectionés thbtained by summing this probability over all impact
parameters.

2.2. 11Be description

As done in previous works [, 12,113]) 14} 15,116, 17], we dbsé'Be as a neutron loosely bound td%Be core.
Thel%Be core is assumed to be in its @round state, and the spectroscopic factor associateadtedhfiguration is
set equal to unity. The potential which simulates 1#@e-n interaction is composed of a central part plus a spiit-or
coupling term

—

Vet (r) =Vo(r) +L- 1V (r), 2)

wherelL is the orbital momentum of thié¥Be-n relative motion, antlis the spin of the neutron. The central parvgf
has a Woods-Saxon form factor

VO(r) = _\Af(rvROaa)a (3)

where

f(r,Ry,a) = [1+exp(%)]l. 4)

The spin-orbit coupling term has the usual Thomas form facto
1d
VL| (r) :VLSFaf(raR(%a)' (5)

The radius of the form factor is parametrized as usBak- roA%/‘Q’.
The depths of the potential are adjusted to reproduce thgiesef the low-lying states dfBe. The well known
shell inversion observed between the bound states is repeoddy using a parity-dependent depth of the central part

of the potentiaM,. The{r ground state is modeled by &11/2 state, th%7 excited state by afll/2 state, and the

first §+ resonance is reproduced in tti®&/2 wave.

In order to study the sensitivity of our calculations to theegmtial choice, we developed five sets of parameters
that reproduce the physical states mentioned above. Tieeguanmarized in Tabld 1. The first potential (V1) has
been devised for our recent calculation of the breakup'B& on1?C [17] (see also Sefl 3). The next four (V2 to
V5) have been obtained by varying either the diffusenesh®radius of the Woods-Saxon form factor. The values
were chosen to encompass those used by most other grouji[11k}, 15]. Besides the three physical levels, these
potentials all exhibit two unphysical bound statest 22 and (p3/2. These states correspond to the shells occupied by
the neutrons in the core and are forbidden by the Pauli pl@ciheir energies have not been adjusted, and thus vary
from one potential to the other. Each potential also disp&y3/2 resonance. This resonance does not correspond to
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FIGURE 2. Breakup cross section 6fBe on'2C at 67 MeV/nucleon as a function of th8e-n relative energf after breakup.
The full line corresponds to the calculation considerinthiibe nuclear and Coulomb interactions between the pitgextd the
target. The dashed line displays iS/2 component, responsible for the peak at the resonanceyefiérg result obtained with a
pure CoulomkP-T interaction is displayed as the dotted line.

any known physical state. Therefore it has not been fittedottation and width vary with the potential choice. Since
it is very broad and located at high energy, we doubt thismasoe might play any significant role in our calculations.
In Tableld, we also list a sixth potential (V6) developed bkidaet al.[3]. It reproduces only the ground state energy
and does not contain a spin-orbit coupling term.

3. BREAKUP OF 11BE ON 12C

3.1. Breakup cross section

Recently, the breakup 8tBe on'?C at 67 MeV/nucleon has been measured at RIKEN [3]. We anétygeeaction
within the semiclassical framework described in the presisection. In Fid]2, the breakup cross section is displayed
as a function of the relative ener§ybetween thé®Be core and the neutron after breakup. The full line corredpo
to the results obtained considering both nuclear and Cduloteractions between the projectile and the target. The
conditions of the calculations are those described in R&f. [n particular!!Be is described by th¥Be-n potential
V1 of Table[1 developed in that previous work. For tiBe-1°C interaction, we first use the optical potential developed
by Al-Khalili, Tostevin and Brook, which has been adjusted¢producé®Be-12C scattering date [18]. The ¥C
interaction is simulated by the Becchetti and Greenleeamatrization|[19]. For comparison, we also display the
cross section computed with a pure Coulomb interaction éetwthe projectile and the target (dotted line). This
emphasizes the strong dominance of the nuclear interadtichis dissociation reaction.

First, the breakup cross section is significantly enhandsehwptical potentials are considered. This is true on the
entire energy range, but is particularly striking at higlemrgy. The presence of nucleBfT interactions leads to a
gentle decrease of the cross section with energy, while @ @aulomb interaction induces a rapid drop of the cross
section beyond 0.5 MeV.

Second, a narrow peak is observed in the breakup crossrsettiained with optical potentials. This peak is due to
the d5/2 resonance present in our descriptiorttBe. It is indeed located at the same energy and exhibits the sa
width as that resonance. Moreover, it appears solely in dinéribution of thed5/2 partial wave to the cross section
(dashed line). The absence of peak in the purely Coulomitiesicates thaP-T nuclear interactions are necessary
to populate that resonant state.
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FIGURE 3. Theoretical and experimental breakup cross sections'®& on12C as a function of energy. The four curves
correspond to the calculations performed with various doatibns of optical potentials simulating the nucl®all interactions.
The theoretical results have been convoluted with enegplugon. Experimental data are from Ref. [3].

3.2. Comparison with experiment and analysis of the influene of the optical potentials

In Fig.[d, we compare the results of our calculation with thealsup cross section measured at RIKEN [3]. The
full line (labeled ATB+BG) corresponds to the full line ofd-ld convoluted with the experimental energy resolution.
The main effect of this convolution is to significantly breswdthe resonance peak and slightly shift it toward lower
energies.

We observe a very good agreement between theory and experiNmte that all the parameters have been fixed
prior to the calculation; there is no adjustment of our resstd the experimental data. At low energy, theory and

experiment exhibit the same behavior. In particular, thethtdisplay a peak in the vicinity of thé+ resonance.
Moreover, these peaks have approximately the same shajht(laed width). This confirms that the low-lying
resonance in th&'Be spectrum has a significant influence on the nuclear indoiskup.

The discrepancy between theory and experiment observedgrlenergies is most likely due to the fact that our

11Be model does not reproduce any known physical state abe\,?tlmne. The experimentalBe spectrum indeed
includes two other low-lying resonances, which should reavanfluence on the breakup as well. The first is located at
2.2 MeV and is probably responsible for the underestimaifdhe theory with respect to the experiment. The second
is located at 2.9 MeV and may explain the small peak observétki RIKEN data.

With the aim of analyzing the influence of the parametrizatibthe nucleaP-T interactions on those results, we
perform the same calculation using different sets of oppogentials. Besides the potential of Al-Khalili, Tostavi
and Brook [18] (labeled ATB), we choose another potentiaitoulate the'°Be-*?C nuclear interaction. Following
Chatterjee|[20], we use a parametrization listed in the yParel Perey compilatior_[21] which is a simplified
expression of a potential developed by Robson [22] to rapredhe scattering d°B on 12C at 18 MeV (labeled
RPP). As an alternative to the Becchetti and Greenlees {i@téBG) [19] for simulating the n“C interaction, we
consider the potential developed by Comfort and Karp (CKefwoduce scattering data of protons impinging #®
[2d).

The breakup cross sections obtained with the four possistebnations of those potentials are displayed in Hig. 3
after convolution with the energy resolution. All curvesibit the same pattern. In particular, they all display $ami
peaks near thé+ resonance energy. This result shows that the optical patehbice has but little influence on the
shape of that peak. It therefore confirms that the peak reftbet presence of the low-lying resonance in bie
model.

The main difference between the four calculations is duéédBe-1°C potential. The amplitude of the breakup
cross section is indeed multiplied by almost 2 when the AT&ptal is substituted by the RPP parametrization. This
increase is due to the much smaller imaginary part of RPPh®nther hand, it seems that both3@ interactions are
equivalent to describing breakup reactions. The diffeedmatween the cross sections obtained with the BG and CK
potentials is indeed rather small.
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FIGURE 4. Breakup cross section 6tBe on2%8pPb at 69 MeV/nucleon as a function of energy. The full lineresponds to the
calculation performed with both Coulomb and nuclBaF interactions Some major contributions of the partial waeethe cross
section are displayed as dashed lines. The dotted linespumels to the result obtained with a pure Could?ab interaction.

A detailed analysis of the breakup probability as a functibthe impact parametdr confirms these results (see

Ref. [17]). In particular, it shows that the internal sturet of the projectile, like the presence of tgmé resonance, is
probed only when the nucleBT interactions are taken into account.

These results show that, as expected, the nuéleainteractions play a dominant role in the dissociation obhal
nuclei on light targets. In particular, these interactiengphasize the presence of low-lying resonances in theqtileje
spectrum. These resonances must therefore be taken irdarddn order to reproduce the experimental data. This
suggests that nuclear induced breakup can be used as a ptbbecontinuum spectrum of the projectile.

4. BREAKUP OF 1BE ON 208pB

4.1. Breakup cross section

We now turn to the Coulomb breakup bBe on?%8Pb. This reaction has been recently remeasured at RIKEN at

69 MeV/nucleonll3]. Moreover, it is interesting to see how QT resonance in thé'Be spectrum will affect the
dissociation reaction when it is Coulomb dominated. Thekue cross section is displayed in Hij. 4 as a function of
the energyE. The calculations were performed with the same conditisria &ef. [16], but for théBe-n potential,
which is the same as in S&c.13.1 (i.e. V1 of Tdble 1).

The full line corresponds to the calculation performedudahg both Coulomb and nucle&T interactions. In
this case, the optical potential simulating the nucleaerattion betweed®Be and?%®Pb is adapted from an-
208pp potential l[24] as explained in Ref. [16]. The’¥Pb potential is chosen to be the Becchetti and Greenlees
parametrizatior [19]. The cross section obtained with @yuCoulomb potential betweéhBe and?°8Pb is displayed
as a dotted line. In that case, the nuclear interactionsangdated by an impact parameter parameter cutoff.

As expected, the breakup fBe on?%8Pb is strongly dominated by the Coulomb interaction. Therdisancy
between the cross sections computed with and without thieae-T interactions is indeed small. However, there
remain some interesting differences. As in the breakug@nbut to a much smaller extent, the use of optical potentials
leads to an increase of the breakup cross section at highyerdrs has already been observed by Typel and Shyam
[14]. As explained in Refl[16], the effect of the nuclearirgctions, though small, cannot be fully reproduced by a
mere impact parameter cutoff. We also observe that the aueld interactions induce a small bump in the breakup

cross section. As in the previous case, this bump is due tprisence of th‘§+ state in our description dfBe: it
is located at the resonance energy and is due only to theilwatitn of thed5/2 partial wave (lowest dashed line in
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FIGURE 5. Breakup cross sections 6fBe on2%8pb at 69 MeV/nucleon obtained fbr> 30 fm. The six curves correspond to
calculations performed with the different potentials oblEdl. Experimental data are from Ref. [3].

Fig.[d). It is much smaller than in the previous case (cf. B)gAlthough the Coulomb field is very strong in this case,
it appears only when optical potentials are used. This eff@tfirms that only the nuclear interactions can signifilyant
populate th%+ resonant state. Therefore, this low-lying resonance doeaffect much the Coulomb dissociation of
1iBe.

Note that, since the breakup &Be on?%pPb is Coulomb dominated, the calculation of its cross sedsanuch
less sensitive to the optical potential choice than in thedear induced breakup. A variation of 20% in the amplitude
of the optical potentials leads to only 2% variation in thedkup cross section.

4.2. Comparison with experiment and analysis of the sensitity to the 1°Be-n potentials

When we compare the results of our calculations with the exyamtal breakup cross sections measured at RIKEN
[], we find a rather good agreement between theory and ewpati This is illustrated in Fi§]l5, where the Coulomb
breakup cross section correspondindpte 30 fm is plotted as a function of the energy. At these impacapeters,
the nuclear interactions between projectile and targetcampletely negligible. This enables us to get rid of the
problem of their simulation. The cross section obtainednftbe calculation presented in the previous section (i.e.
using potential V1 of Tablgl1) is displayed by the full linénig result is indeed very close to the experiment. Note that
no parameter has been adjusted to fit the data. In partithéatheoretical cross section has not been scaled by any
factor. This suggests th&tBe is well described by a neutron loosely bound {8Be core in its 0 ground state. The
spectroscopic factor of that configuration should theefm close to unity.

With the aim of testing the sensitivity of our results to #i8e-n potential, we perform the same calculation with
different potentials. These potentials are obtained byimgreither the radius or the diffuseness of the Woods-Saxon
form factor (see SeE2.2). They are the potentials V2 to VEmgin Tabld1L. The corresponding breakup cross sections
are displayed in Fidll5. All curves exhibit the same shape. ditly difference lies in their amplitude, which varies
by about 15%. Surprisingly, these variations are not dukd@symptotic normalization constant of the initial ground
state. For example, V4 leads to a larger breakup cross seéhto V5 (by approximately 9%), although its ANC (0.82)
is smaller than that of V5 (0.87). This puzzling feature isreatly under investigation. Up to now, it seems that this
difference is due to the scattering properties of the pa@knte.g. scattering length), which differ from one poiaht
to the other. Nevertheless, all these results confirm tleegplectroscopic factor of tHeBe(0")-n configuration should
be close to 1.

For the analysis of their measurements, Fukatlal. use anothet®Be-n potential (V6 in Tabl&l1).[3]. It is a
Woods-Saxon potential whose depth is adjusted only to tbergt state energy df'Be. It does not include any
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FIGURE 6. Influence of Pauli-forbidden states upon the breakup crestom of 11Be on298ph. The full lines correspond
to the calculation performed with a Woods-Saxon potentSP), while the dotted lines display the results obtaineih wie
supersymmetric equivalent potential (SEP). The latteitgtehthe same scattering properties and the same bounthspeas the
former but for the unphysical bound statest ® and ®©3/2, which have been removed.

spin-orbit coupling term. From that analysis, they deduspexctroscopic factor of 0.7, much lower than what we get
from our calculations. In order to understand the discrepatween our value and theirs, we perform a calculation
using potential V6 within our model. The corresponding sresction is displayed as a dotted line in [Eg. 5. It lies
approximately 30% above the V1 curve, which explains theslsspectroscopic factor.

The reason for this difference is still to be analyzed. Hasvethe discrepancy obtained within the same reaction
model using differen¥; supposed to describe the same nucleus is very large. Thergfe wonder whether this
technique is reliable for extracting spectroscopic factdhis result indicates that a strong effort should be made t
improve the description of a halo nucleus used in reactiodets At least, the core-fragment potential should be
constrained by other experimental data or predictions fooegise structure models.

4.3. Influence of Pauli-forbidden states

In the preceding section, we saw that g potential used to describéBe has a significant influence on the
breakup cross section. A thorough analysis of this influéateerefore necessary in order to find a convenient way
to constrain the potential choice. A first step in that digthas been done in Ref. [25]. In that previous work, we
have studied the influence of the Pauli-forbidden stateserCoulomb breakup df'Be. As explained earliet!Be
is usually described by deep potentials that exhibit spusrtmound states besides the adjusted physical levels. Those
unphysical states simulate orbitals occupied by the neatod the core. They are thus forbidden to the halo neutron
by the Pauli principle. Their presence is usually ignoteti [12,118] 14 15]. However, in reaction models, nothing
prevents the transfer of the halo neutron toward one of tispseious states. It is therefore interesting to test the
influence of those states upon our calculations.

Itis possible to modify a potential in order to remove ond®biound state$ [26]. The modification consists in a pair
of supersymmetric transformations that keeps all the athectrum properties of the potential unchanged. It means
that the supersymmetric partner of the potential exhibiéssame scattering properties (i.e. phase shifts) and the sa
bound spectrum (i.e. energy levels) as the initial potéraiaept for the bound state that has been removed.

In Ref. [25], we perform two evolution calculations: one lwé usual Woods-Saxon potential (WSP), and one
with its supersymmetric equivalent potential (SEP) in vahiioth the unphysical€l/2 and 3/2 states have been
suppressed. The results are shown in Hg. 6. The full linesespond to the breakup cross section computed with
the WSP, and the dotted lines show the result obtained wérSEEP. Contributions of the major partial waves are
pictured as well. The dependence of the cross section orotieatial is very weak. The difference is only 1% in the



peak region. Note that the effect differs according to théiglavave. We observe a slight increase (2.5%) ofpiBg2
contribution when the SEP is used. The opposite is obtaioeithé pl/2 component: the SEP cross section is smaller
by 5%. Thesl/2 contribution remains practically unchanged.

This result shows that the Pauli-forbidden states in thgeptite spectrum do not play any significant role in the
breakup reaction. They may be ignored. The use of deep [migese¢ems therefore fully justified in such calculations.
Moreover, the tiny difference observed between WSP and $igBests that the discrepancy between the various
10Be-n potentials are not directly due to the differences iergies of their unphysical-states.

5. CONCLUSION

In this talk, we have presented the results of time-deperuidculations of the nuclear and Coulomb breakup'Be
[1€,117]. The calculations are performed around 70 MeV/eoclin order to compare them to recent experimental
data [3].

The description ot'Be is improved in comparison to previous works [11,12, 13/184.16]. We developed a new
10Be-n potential that reproduces not only the bound statét8ef but also its Iow-Iyingg+ resonance. This resonance
has a significant influence on the breakup'é@ [17]: it induces a narrow peak in the breakup cross seciibe.
very good agreement obtained with experimeht [3] confirnesvillidity of the model, and the ability of the time-
dependent technique to simulate nuclear induced breakwpsfiectrum of'Be includes other low-lying resonances,
which should influence the breakup as well. However, theyaisbf their actual effect on the cross section requires a
better description of the projectile since these resormoarnot be reproduced with such a simple two-body model.

In the dissociation 0R%8Pb, however, th§+ resonance is found to play a rather minor role. It only indugesmall
bump in the breakup cross section at the resonance enertys Icase also, we obtain a rather good agreement with
experimental data[3].

In our reaction model, the nuclear interactions betweenpitogectile and the target are described by optical
potentials/[16]. In the breakup dAC, they are dominant. In particular, they are found to beaesible for the strong
population of the resonant state, which causes the peakiortss section. The nuclear induced breakup is therefore
rather sensitive to the optical potential choice. Usindedént optical potentials leads to significant variatiomshe
breakup cross section. However, these variations onlciaffe amplitude of the cross section and not its general
pattern. In particular the location and the shape of thenasce peak remain the same for all choices of optical-
potential. The breakup éfBe on2°8Pb is Coulomb dominated. The nucldal interactions are therefore much less
significant, and the cross section is much less dependehtaptical potentials.

The sensitivity of the model onto théBe description has also been presented. We performed tpendient
calculations of the Coulomb breakup8Be using various®Be-n potentials. These potentials lead to cross sections
which exhibit the same shape, but differ by up to 30% in amagét This variation is not directly related to the
asymptotic normalization constant of the initial groundtst Neither is it to the presence of Pauli-forbidden states
in the 1'Be spectrum. The role played by these unphysical statesibakup is indeed negligible_[25]. Another
effect is thus at play here. Its analysis requires furtheestigations. Anyway, because of this significant variatio
in the amplitude of the cross section, using Coulomb breaaip tool for extracting spectroscopic factors seems
guestionable.

From this analysis, it seems that we have now reached thedinthe simple two-body description of halo nuclei
used in reaction theory. In order to improve our results @rthclear induced breakup YBe we need a more precise
model that reproduces the other low-lying resonances. M@ the sensitivity of the breakup cross section to the
current!Be model might be too large to extract accurate structugtindtion. Therefore, a reaction model including
a more precise description of halo nuclei should be develaperder to improve the theoretical predictions.
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