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OQutline;

1. Benchmark calculations for CDCC vs Faddeev.

o d+!2C at 56 MeV: elastic scattering and exclusive breakup.

2. Application to the scattering of two-body halo nuclei.

e 9C+p at 70 MeV: CDCC vs Faddeev
e Effect of core excitation.
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| Part I: The effect of core excitation in the scattering of weakly bound nuclei I

(work done with A. Deltuva, E. Cravo, FM. Nunes and A. Fonseca)
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Remainder of the CDCC method

Example: '1Be+p — (1Be + n) + p
e Three-body wf expanded in projectile (}!Be) inter- p+ (n +°Be)
nal states

e Breakup treated as single-particle excitations to
n+%Be continuum —

e Continuum is discretized in energy bins and trun-
cated in energy and angular momentum

e Provides elastic and elastic breakup, but not trans-
fer.
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CDCC versus Faddeev

o The exact solution of a three-body scattering problem is formally given by
the Faddeev equations.

P
/ " X/ P XAP
n \X .n
“Be 1%Be

108e

e The CDCC method can be derived as an approximated solution of the

Faddeev equations in a trucated model space (Austern,Yahiro,Kawal,
PRL63 (1989) 2649)

o For light systems, Faddeev equations can be now solved, so a comparison
with CDCC is possible.
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CDCC versus Faddeev

BENCHMARK CALCULATIONS FOR CDCC vs FADDEEV
e Systems:
0 d+2C @ E;=56 MeV
0 d+°2Ni @ E;=80 MeV
e Faddeev: Alt, Grass, Sandas (AGS) formulation

[0 Solves Faddeev egs in momentum space
0 Coulomb included by means of screening procedure
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CDCC vs Faddeev: elastic scattering

d+!2C at 56 MeV
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[1 CDCC and Faddeev are in perfect agreement!
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CDCC vs Faddeev: exclusive breakup x-sections

N. Matsuoka et al., Nucl. Phys. A 391, 357 (1986).
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Application of the CDCC formalism: d+ '“C

Observables for exclusive breakup: proton angular distribution
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A.Deltuva, A.M.M., E.Cravo, FM.Nunes, A.C.Fonseca, PRC76, 064602 (2007)
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Application of the CDCC formalism: d+ '“C

Observables for exclusive breakup: proton energy distribution for fixed 6,, and 0,
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| Part Il: The effect of core excitation in the scattering of weakly bound nuclei I

(work done with R. Crespo)
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Exclusive breakup measurements of halo nuclel

Example: 1?C+p at RIKEN ( Satou et el., PLB660 (2008) 320

Dipole Magnet

[1 Excitation energy can be reconstructed from core-neutron coincidences
(invariant mass method)
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Exclusive breakup measurements of halo nuclel

Example: 1?C+p at RIKEN ( Satou et el., PLB660 (2008) 320

[1 Excitation energy can be reconstructed from core-neutron coincidences
(invariant mass method)
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Experimental data
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[1 Microscopic DWBA calculations, supporta 1/2* — 5/27 mechanism Satou et
el., PLB660 (2008) 320.
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19C spectrum
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9C+p within a three-body reaction model

o '9C states treated as s.p. configurations with the 3C in the g.s.
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¢ Reaction mechanism = CDCC and Faddeev (AGS) methods.

e Interactions:

0 n—'8C: WS potential

0 p—'®C: global optical potential (Watson et al, PR182 (1969) 182)
0 p — n: central Gaussian potential reproducing the deuteron gs and S

phase-shifts
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Comparison of calculations with the data
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[1 Faddeev and CDCC provide consistent results
[ The calculations reproduce the magnitude, but not the shape.

0 Pair interactions?
0 Structure model?
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Effect of the p-n interaction

Faddeev calculations with the realistic CD-Bonn interaction shows that the p-n

Gaussian potential is too simple

—— Faddeev CDBonn
— — Faddeev Gaussian
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Effect of the p-n interaction

Faddeev calculations with the realistic CD-Bonn interaction shows that the p-n
Gaussian potential is too simple
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[1 A simple single-particle excitation mechanism cannot explain the datal!
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Structure model

Shell-model spectroscopic factors (WBP) for 1°C =8 C +n
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Structure model

[1 Shell-model calculations predict a significant admixture of core excitation in
both states.

[1 These core excited admixtures should be taken into account in the
structure model and in the reaction model
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Structure model

[1 Shell-model calculations predict a significant admixture of core excitation in
both states.

[1 These core excited admixtures should be taken into account in the
structure model and in the reaction model

o Faddeev: core-excitation not included in present implementations.

e CDCC: Summers et al, PRC74 (2006) 014606 Extended version of CDCC
with core excitation (XCDCC)
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DWBA amplitude with core excitation

o DWBA amplitude with core degrees of freedom:

—

ATMIME = 3T RYW o (7, ) Vi ()W e (7, €))

e Transition operator

Interfaces between structure and reactions for rare isotopes and nuclear astrophysics Seattle 16th August 2011 — 19/ 31



Rotor model for the '°C nucleus

o !8C+n states calculated in a deformed potential:

—

Ve (r, &) = VO (r) + 3 VIV ()Y (7)Y, (€)

A>0,u
e Internal (projectile) states:
Vi (r,€) = ZRe,ﬂ { (7) @ Xs); ®<I’I(g)LM
State 07 ®51/2) |07 ®@d5/0) 2T ®s1/0) (27 @ds0)
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Scattering amplitude

o Multipole expansion for the core-target potential

Ver(Rot €) = V) (Rer) + VIV (Ret) Yo (Pt ) Y, (€)

e Valence excitation amplitude:
val =)/ = o= . - N R
ACD = VRV g (7, ) Vae P+ VD (Ret)— U (B) xS (B)W 501 (B, €))

o Core excitation amplitude:

—
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Evaluation of the core contribution (no-recoil)

o Consider the free scattering amplitude for a core-target inelastic scattering:

— —
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Application to C+p — '°C +n +p

e !8C treated in a rotor model with I = 0+, 2T states
e 8C+n and '®C+p calculated with a deformed potential
o Breakup calculated in first order (Born approximation)

e Recolil effects ignored.
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Application to C+p — '°C +n +p
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[1 The core-excitation mechanism gives a significant contribution to the cross section.

[1 improved description of the shape.
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Conclusions

e For elastic and (exclusive) breakup observables, the CDCC method has
proven to be a very accurate approximation to the full Faddeev equations.

e For the scattering of a core+neutron system on a proton target, the breakup
IS very sensitive to the p-n interaction = needs to be incorporated in
existing implementations of the CDCC method.

o Core excitation plays a very important role in the resonant breakup of halo
nuclei with deformed core.
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Application to C+p — '°C +n +p
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Core excitation in 'Be+p
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19C spectrum from shell-model calculations
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From Elekes et al, PLB 614 (2005) 174)
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| Benchmark calculations for '1Be+p l

e Can we understand the !Be+p elastic and transfer (p, d) data within a
three-body model (p+n'’Be)?

e DBU vs TC: what approach is more appropriate for inclusive breakup cross
sections?
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CDCC versus Faddeev: ''Be + p elastic scattering
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e Good agreement betwen Faddeev and DBU (CDCC)

o Significant disagreement with data! = interactions?
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CDCC vs Faddeev: transfer to bound states

1Be +p — 1'Be +d
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