Scattering of the halo nucleus “Li
and its core °Li on “9°Pb at
energies around the Coulomb
barrier

Mario Cubero Campos

Instituto de Estructura de la materia, CSIC

On behalf of the E-1104 Collaboration: IEM-CSIC - U. Aarhus - U. Chalmers -
U. Huelva- U. Lisboa — U. St. Marys - U. Sevilla - U. York “=TRIUMF



m

F N

Introduction

/
= 4
]
Far from Stability Valley ), =244 il
\
\
\

Aalawr Lopermental

'y . r— A1/3
z Close Stability Valley S \
Isober As8 As11vAs17 \
11 \\\ o
10 Ne *Ne [ \&| Hiye mNe “Ne | P'Ne | Zne | PNe | *Ne [ ®Ne [ 26y0 6~-___——”
9 IEIEIEG BRI EED B 1/<r2>“b = 3.43 fm
12 13 14 15 16 1 18 19 20 21 22 z’3l 24" Neutron
2 o[ PN O 2| 0|00 00 BER o
7 N N N E N RN N ENENENEN R
6 C 8| % | *c 11‘;-0 1ic Be | Mo | 15 | 8¢ | 17 | 18 19(_0 20¢ él’C zzwg> A
- LS N(lm 2038m okle zable 708 s m 2 ur-- 3im S :' * 62me o 3-5 | . 11 L]_
5 B B aé) °g | 195 | g | 2 BB g | 155 | 6 17? 18g "ng 16 E = Tanlhata,
4 | Be °Be | “Be “Be | Be nt 128? “Be MB? 12 14 [g:::;: % I 1985
=iy — O 1reutinbaio @ 3.0 — Lithium isotopes
s | u [ A TR ] ] ] o A -
3 4 5. |6 ? 7 s IE o B s 2 B
He 2 He He He H He He He e D Stable pudlei ‘-s
Labhe ke * 08 ma * 1 * * atoutron Hch =L 2‘5 —
= oo
H p d 3H :bu:::mhlb‘(ml = I3
tabke take 1232 D : E [T+
nil 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 n 2.0
2 4 6 8 10
B . Number of neutrons
orromean
111 jis an example of n+n unbound
o —= 9] i
borromean nuclei. n+°Li unbound

—

n+n+°Li bound



%) il Motivation

CSIC | | (e bormans
Due to loosely bound structure of the halo nuclei, the reaction mechanism at
energies close to the Coulomb barrier will be affected.

Coupling to
continuum

Dipole

Reactlf)n Coulomb force
Mechanisms
Scattering of halo lLi

Elastic and Breakup
(heavy targets) Nuclear Effects

— T
# Zinser efal, NPA 619, 151 (1997)

¢ Nakamura er al, PRL96, 252502 (2006) i

— Standard di-neutron model: ¢, | =-0.37 MeV | |

— Improved di-neutron model: ¢, | =-0.54 MeV/| |

2_ -
| : S,.=369.15(65) keV

‘ ] Smith et al., Phys. Rev. Lett. 101, 202501 (2008).
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To study the dynamics of lLi and
9Li beams in a strong electric field
at energies around the Coulomb
barrier.

Compare the results  with
dispersion models developed for
this type of nuclei.

» Measured at the

Objetives

ISACII-TRIUMF
Facility the angular distribution of
elastic and inelastic scattering of
] i+208Pp at 24.2 and 29.7 MeV and
ILi+208Ph at 24, 29.5 and 33 MeV
laboratory energies.

The °Li+%%8Ph data was used to tune
the potential using the double-folding
Sao Paulo Potential (SPP) for the
real part and for the imaginary part a
Woods-Saxon potential.

The 1Li scattering data will be
compare with CDCC calculations

This is theﬂrstdetermlnatlon of the angular distribution of tf

section for “Li+%°Pb and °
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Several representation can be done using
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Cross section @ Backward angles
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Color points represent the pixel
calculation of the differential cross
section divided by Rutherford.

/ Each color represents a detector.

“ Accurate position for the detector can be
calculated improving x2 minimizacion.
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* Elastic scattering of “Li on 2%Pb @)
2.67 MeV /u follows Rutherford.

* The real part of the potential is from
double folding Sao Paolo Potential (SPP)
and the imaginary part from a Wood

bm [} — CC: 3.27-1.45 SaXon
~ OM: 3.27-1.45 .
—_ — CC: 3.67-1.9 . . . |
o° | |L Bpimas * It is possible to describe the data with
:‘ Eig gg;:}g | ﬁXCd geometry, rl = 1.35 fm , al — 0.51
' ' ‘ | o fm
: i 100 150
0 * The fact that N < 1 =>
em (deg)

Attractive polatization effect
* The contribution of 1st excited state in
T included in CC calculation

Model | Energy (MeV/u) | N, | WiMeV) | x*/n

oM 3.27 0883 | 601 | 4.1

OM 3.67 0.798 | 176 | 6.4 *The OM and CC reproduce similarly
cC 3.27 D S ) 1 the d

3.67 095 | 1718 | 62 Well the data.
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*These data have been compared with CDCC calculations
assuming a two-body model for 'Li (°Li+2n) and using for
the “Li+2%Pb interaction the potential deduced from °Li
data [1,2,3]. The inclusion of a 1 resonance in ''Li has
been considered and improves greatly the agreement with

he data.

Results and Discussion

*"The experimental data for the elastic scattering of
HULi + 208Pb display a strong reduction with respect to
Rutherford, over the whole angular range, at both

energies. In contrast to the behaviour of the data for

911, which behaves as a normal nucleus.
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.' Summary and Outlook
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We had presented the first data of the elastic scattering of the
halo nucleus ''Li and its core ?Li on **Pb at energies below and
around the Coulomb barrier .

The “Li + 2%Pb scattering data behave as expected.

The strong reduction of the Li + 2%Pb elastic cross section
observed both below and around the Coulomb barrier, has been
interpreted as due to the dipole coupling of the ground state to

low energy continuum states.
We ate going to extended this studies to the ''Be case in July

2012
Four body calculation to describe the dynamics of the system are
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