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Halo Nuclei

@ Very neutron(/proton)-rich nuclei °
o Large matter radius

e Compact core surrounded by loosely-bound nucleon(s)
— the neutron(s)(/the proton) form a halo.

Examples: ''Be, °C (one-neutron halo),
6He, Li (two-neutron halo).
8B, 1"F (one-proton halo).

o Small life times — studied through reactions
(e.g. elastic scattering, breakup, ...)

— Need accurate theoretical description of reactions
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Sensitivity of observables to reaction model
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Sensitivity of observables to reaction process

1Be + 12C — 1Be + 12C

11Be 4+ 12C 5 10Be 4 n 4 12C ©20AMeV

doe/dor

dopy, /dQUE

0 0.05 0.1 0.15 0.2 0.25 0.3 0 0.05 0.1 0.15 0.2 0.25 0.3

Q (fm™1) Q (fm™)

Frederic Colomer (ULB) DREB meeting 11 July, 2016 4 /14



Sensitivity of observables to reaction process

1Be + 12C/4Ca — 1Be + 12C/4°Ca
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Sensitivity of observables to reaction process

llBe 4 12c/40Ca/208Pb N llBe 4 12c/40Ca/208Pb
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The ratio
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Sensitivity of elastic scattering and breakup in @ the reaction model

@ the reaction process
Information about the halo is hidden.

— Can we find an observable independent on reaction model/process ?

The Ratio ? (— Phys. Lett. B705, 112 (2011))
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Three body problem

Projectile (P)

core (c)
_l’_
neutron/proton (n/p)

Internal system hamiltonian Three-body problem hamiltonian
772
Ho= =5 8TV (R = 7 — Hol7)
(Ho — E) ¢1jm(E,7) =0 + Ver(Re) + Vi (By)

e F; < 0 bound states

e E > 0 continuum breakup (Hsp — Etor) U (R, 7) =
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The Recoil Excitation and Breakup model (REB)

Assumptions of the method: o Adiabatic approximation

(Phys. Rev. Lett. 79, 2771 (1997)) o V7 =0

The elastic scattering amplitude of composite nucleus can be factorized

do\ o do
(i6), = @ (da)pt,e.

° (z%)pt,el . el. scatt. of pointlike projectile by V.r

@ |Fy0(Q)|* depends only on halo structure

1Fo0(Q) =

/ G (1) 6 |

Q « transferred momentum

%0+1
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The Recoil Excitation and Breakup model (REB)

Assumptions of the method: o Adiabatic approximation

(Phys. Rev. Lett. 79, 2771 (1997)) o V7 =0

The elastic scattering amplitude of composite nucleus can be factorized

do\ o do
(i6), = @ (da)pt,e.

For non-elastic processes : inelastic scattering, breakup

do . o do do B o do
(dQ>inel a ‘E’O(Q)‘ <dQ>pt,el <dEdQ>bu a ‘FE7O(Q)‘ <dQ>pt,el

Ratio of cross sections: cancel out V.7 dependence
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The REB model and the ratio Reym

(do /dEdQ)p,
Rsum E? Sy~ —
(E,Q) (do /dQ)sum
with
do do do; do
= — [ == FE
(dQ>sum (dQ>el+;<dQ>inel+/<dEdQ>bud

and we have hence (in the REB model!)

Rsum(E7 Q) (REB) |FEO(Q>’2

1 ' , 2
Fro(QIF = 2j0 + 1 Z Z / Giim (B, 1) b1y jom, (r)e’ YT dr

mo ljm
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Sensitivity of the Fp( to projectile structure

@ Binding energy

The form factor |FE,0|2 sensitive to ]
@ Bound state partial wave
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Sensitivity of the Fp( to projectile structure

The form factor |Fg|? sensitive to @ Bound state radial wave function
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One-neutron halo at low energy

HUBe+12C @204AMeV HBe+12C/40Ca /208Pb ©20AMeV
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@ Independence of the reaction model

@ Independence of the reaction process

— valid at low energy one-neutron halos (Phys. Rev. C 93, 054621 (2016))
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One-proton halo at intermediate energy

8B+12C @44AMeV
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One-proton halo at intermediate energy

8B+12C @44AMeV
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One-proton halo at intermediate energy

8B+12C @44AMeV
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One-proton halo at intermediate energy

8B+12C @44AMeV
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One-proton halo at intermediate energy

8B-+12C /208Ph @44 AMeV
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Conclusions and prospects

Conclusions
@ The ratio removes the dependence in the reaction mechanism
@ The ratio is still valid at low energies

@ The ratio works for proton halces at intermediate energies

Prospects
@ Experimental confirmation
@ Applicability to proton-halces at low energy?

@ Applicability to two-neutron halo systems?
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