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Halo nuclei

Exotic nuclear systems composed of a nuclear core and weakly
bound valence nucleons

» Extended mass distribution 9xj
e Large rms radius ~ “halo” core
* Large reaction cross sections 11

* Narrow momentum distributions of core/breakup

* Concentration of dipole strength at low energies close to the
breakup threshold

* Halo = Borromean systems = none of the subsystems are
bound

« Typical haloes: 1Be (1n), ®He(2n), Li (2n), 8B (1p), ¥’Ne (2p)
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Coulomb barrier scattering

Energies around Coulomb barrier-> Important coupling between

elastic channel and inelastic, transfer, breakup and fusion.

- distortion effects

* Nucleon transfer to the continuum

e Coulomb rainbow disappears!

Halo: Low binding energy -> Coupling to the continuum

Easily polarizable: forces between target and core/halo are different o)

Dipole polarizability -> B(E1) -> large cross section for breakup.

Strong absorption in elastic channel ~ long range interactions

CDCC calculations:
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Proton halos

Coulomb repulsion limits halo formation = only for 8B(1p) and Ne(2p) are known.

Lack of experimental data at Coulomb barrier energies dynamics unknown
8B(1p) is the most studied proton halo, Sp(®B) = 136 keV only!

Low energy measurements on 12C, 27Al, *8Ni, %4Zn, 129Sn, and 2%8Pb targets.

In particular, for the system 8B + %4Zn,
o Modest coupling of elastic scattering and breakup
o Well described by OM and CDCC
o Effects EBU + NEBU

o Reaction cross sections are small, similar to the stable isotope °Be

o The Coulomb Rainbow is present!!

Complex couplings characteristic of the proton halo system
v’ Higher effective Coulomb barrier Y. Kucuk and E. Aciksoz, EPJA 52(2016)98

v' Core “shading effect”: the proton is “protected” by the core as it
approaches the target, and the system breaks in the way out

- Recently demonstrated for 8B + 120Sn

L. Yang et al., Nature Communications 13(2022)7193
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What makes “Ne interesting?

Candidate for a two-proton Borromean halo nucleus: O core + two protons
* Dripline nucleus, $,,=0.9 MeV & S,=1.5 MeV
* Low lying dipole strength.

* No bound excited states.

* Narrow momentum distribution for 2p dissociation ~ 168 MeV/c

* Large matter radius.

The dynamics of 1’Ne at energies around the Coulomb barrier never measured before.
Probe of B(E2;1/2- = 5/2-) > breakup
Ground state mixing of (s1/2) (p3/2) (d5/2) configuration = probe halo

Compare with data of °Ne + 298Pb scattering at Coulomb barrier energies

s1/2 component
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Spokesperson: |. Martel, N. keeley, K. Rusek

* Scattering of 1’Ne + 2%8Pb @ 136 MeV (Coulomb barrier ~ 125 MeV Lab) = ELASTIC and cross sections for >0 production
e (CDCC and CRC calculations (FRESCO) = dynamical effects of the 2p halo (Inert core of 1°0(1/2+) — Di-proton “halo” ?He (0+))
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1ok ) _____\_E\Iastlc Xsec 20NE+208Ph » CRC: str|pp|ng Cross .sectlon is very small & negligible
e NN effects in the dynamics.
~ 3% @ 131MeV | . .
» CDCC: coupling to the breakup channel gives strong
17Ne+208pPp E. Gross et
— 5 3l PR fse ] effects.
@ 136MeV i
= C17(1978) — — Large absorption on elastic 8 ~ 50° — 70°.
~ 50°- 1665. . .
o = \ - = Coulomb rainbow disappear.
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L 05f halo effect! |
o - CDCC
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B Breakup [mb] 253
. e 21 shifts of I/Ne, E = 136 MeV (8 MeV/u)
e | ~2x10%pps.
O.O20 — 4'10 * Target thickness of 1,5 mg/cm?.
* GLORIAS silicon array.




Elastic cross sections: Optical model analysis
Best-fit optical model potentials
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* Real: Volume Polarisation | * V(YNe)> V(¥Ne) = "Ne breakup
Woods-Saxon o
* Imaginary: Volume plus derivative. potentials * W(¥Ne) < W(*Ne) = E2-Coulex not as relevant

Projectile V (MeV) ro(fm) ap(fm) W (MeV) ry(fm) ay (fm) W, (MeV) rp(fm) ap (fm)
"Ne 63.53 1.300  0.309 0.627 1.300 1.790 11.82 1.344 0.438
20Ne 58.76 1.231 0.579 0.345 1.302 2.705 22.56 1.267 0.433




Coupled channel calculations
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Rotational model

17Ne

ZONe

couplings to 3/271, 5/27;

(res.)

&, -> 7Ne charge radius; B(E2; 1/27;

—>5/27;

Reorientation
Reaction: 1903 mb
Inelastic: 350 mb

E2 coupling: 18% of total reac. xsec

) Marganiec / Chromik

e couplings to 2%, level
* &, ->fitinelastic of Gross et al.; B(E2;
0*; = 2*;) -> Raman et al. At. Data Nucl|Data
e Reorientation Tables 78 (2001) 1.
Reaction: 1968 mb
Inelastic: 627 mb
E2 coupling: 32% of total reac. xsec
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Conclusions

Rainbow suppression. Reaction cross sections similar to
stable °Ne.

Probably E1 excitation of low-lying continuum ~ similar

to ®He = CDCC
B(E2) values are critical; Chromik too large

Peak ~ 55° Lab cannot be reproduced by CC calculations




Continuum Discretised Coupled channel calculations (Breakup)

N. Keeley, |. Martel, K. Rusek, K. Kemper. Phys. Rev. C (2023), in press.

Simple calculation using 0O + ?He cluster model.
Binding potential = B(E2; 1/2- = 5/2- ) Marganiec/ Chromik ~ 1-2

reproduce elastic data (M/C models). 1.0
* Check consistency with >0 data. 0.8
m -
. ®}
Couplings B 06

1.288-MeV 3/2- and 1.764-MeV 5/2- resonances 0.4
L=0, 1, 2 and 3 non-resonant continuum
r0, a 2 B(E2; 1/2- - 5/2-) value
V = binding energy 0.0
’He + 298pb; 150 + 208Pb OM potentials

> 4He + 208pp: 160 4 208pp

0.2

Conclusion 200
~ 50% of BU produced by 5/2- resonance g 150

o)

BE2/Chromic-> overpredicts the >0 distribution by 30-60% |E

—> excluded! G

°

BE2-> intermediate value between Chromic and Marganiec. |3

CDCC calculations cannot reproduce the peak at Blab. ~ 55°
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Origin of >0 peak ~ 55° Lab?

1. Missing resonant levels in CDCC calculation — | (2.997 MeV, 7/2-) & (3.548, MeV 9/2-) = negligible

2. 150 + 2He cluster model too simplistic ——»| Four body model, in progress

N. Keeley, |. Martel, K. Rusek, K. Kemper. Phys. Rev. C (2023), in press.

(1.908 MeV, 1/2+) = too large contribution—> failure of the model

excluded due to Qval

3. 13140 vyield as contaminants of 1O distribution —» DWBA calculation

4. 1p or 2p stripping process

—_—

2p excluded due to Qvalue 1p-stripping
1p possible -> giant resonance in 29°Bi 2098j (11 MeV, 5/2-), T = 0.4 MeV
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SUMMARY AND CONCLUSIONS

Angular distributions for the elastic scattering and inclusive >0 production cross sections of 1’Ne + 298Pb at Coulomb
barrier energies have been measured for the first time.

The elastic data show a strong absorption pattern (no Coulomb rainbow) and suggests the presence of a halo in Ne.

The angular distribution of the cross section for >0 production seems to be originated by a combination of breakup and
1p-striping through the giant resonance of 298Bj at Ex™~ 11 MeV.

The data can be described by OM, CDCC and DWBA calculations.

B(E2; 1/2—- — 5/2-): the value of Marganiec et al. seems more consistent with the data, but it should be measured in a
dedicated experiment.

The reaction cross section is similar to the scattering of the stable isotope °Ne. Thus the system seems to present core-
shading effects similar to the system 8B+120Sn.

To probe this effect: new experiment with medium mass target like 64Zn, where the Qval matching excludes the
production of 120 from 2p/1p channels.
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