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FIG. 10. Elastic scattering for *He+ >C at 38.3 MeV/nucleon in
comparison with the OM results given by the real folded potential
(obtained with the CDM3Y6 interaction and the Gaussian ga den-
sity for ®He). The dashed curve is obtained with the unrenormal-
ized folded potential only. The solid curve is obtained by adding a
complex surface polarization potential to the real folded potential.
Its parameters, and those of the imaginary part, are explaied in the
text. The dotted line is obtained by folding the CDM3Y6 interaction
with the compact Gaussian density ro.

[Lapoux et al, PRC 66 (02) 034608]
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Fig. 2. Comparison of B(El) values obtained from lifetime and Coulomb ex-
citation measurements. The weighted average of lifetime measurements [3]
(open circle) is plotted on the left along with the weighted average (solid cir-
cle) of three Coulomb excitation measurements (solid symbols). The individual
Coulomb excitation measurements, GANIL (this work, square), MSU (up tri-
angle) [6]. RIKEN (down triangle) [7], and a previous GANIL experiment
(diamond) [4]. are plotted versus the beam energy.
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[Marques et al, PRC 64 (2001) 061301]
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« direct measurement  14C(n,y)1°C
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FIG. 8 (Color online) Si7 values from CD experiments.
Full red circles: latest analysis of the GSI CD experiment
(Schiimann et al., 2006); open blue stars: Kikuchi et al.
(1998) analyzed in first-order perturbation theory; open blue
squares: Davids and Typel (2003). The error bars include sta-
tistical and estimated systematic errors. The curve is taken
from the cluster-model theory of Descouvemont et al. (2004),
normalized to S17(0) = 20.8 eV b. Note the suppressed zero.



[ continuum discretized coupled channels
d a test-bed: 8B breakup

[ breakup scaling with ANC

A breakup and (n,y)

[ core excitation and breakup
[ breakup of three-body projectile

O summary



overlap function

b1,:15 (1) = (D7, (E2)| DT (4. 1))
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3-body Hamiltonian for the problem:

Hypy =T + Ve + Vi + Vi

Potential (MeV)

2 (3)
3 jacobi coordinate sets

1/R Coulomb tail

= = Coulomb
== = Nuclear only
= Nuclear + Coulomb
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3-body Hamiltonian for the problem:

Hyy, =T +V,. + V., + V,

(E—=T) — Vo)W = Vo (W 4+ w®)
(E—Ty— Ve)¥'? =V, (W + o)

(E—T3 = Vi)¥® =V, (v + ¢@)
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U = Z W, R,)
n=I1

(1) (2 3)
Transfer components are asymptotically separated:

v — ¥ " )y (Ry) + breakup: when R, — 0o
pP

Usual nuclear physics case:

U, and U, are optical
potentials; thus no bound states
in transfer components.
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[H3, — ElV (r,R) =0

Expand wfn in elgenstates of projectile’s internal Hamiltonian:

SR = 3 g0 vp(R)) + [ ak vk

p=1

Expand in partial waves:

Upky(r) . H ¢ =¢
Radial wavefunctions for projectile:
e/ d> e+ 1)
[_ 2 e (dr2 T3 ) + Vae(r) — E] upjy(r) =0
. 212 22
bound states with €, < 0 Eodey— E — ;i k N 2h K
continuum states with energy ¢, > 0 Hoe  2Hioy



average method  rkp
ip (1) = 1/@[ k(r) dk
kp—1

 non overlaping continuum intervals -
continuum bins are orthogonal
* square integrable

analytic form if potential is zero and |1=0:

r

Up(r) o< sin(kpr)



CDCC 3-body wavefunction: (H3p, — E)qJCDCC (r,R) =0

N
vPCE,R) =D dpr)ypR)

p=0
P = {lsjlclp; (kp—lskp)}

\'

Coupled channel equations:

Coupling potentials: V), (R) = (ggp(r)|Uv;+Uc;|J)pr(r))

Energies: =E—¢ 3 p p
nergies Ly =E—¢€p €p = (@p(r) | Hint|¢p(1))
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e three-body Hamiltonian for reaction

e three-body wavefunction expanded in term of projectile states
e projectile described in terms of single particle states

e optical potentials from elastic scattering




breakup of 8B : theory versus data

— 30 - ~
- S
5 20 - =
£ E
88 breakup on Ni | & | v
(Ebeam=26 MEV) E E
|
15
s | 512 :
Results of CDCC = | 3 :
calculations g | :
assuming a single = | =
particle structure g ol 5
for 8B="Be+p K 3

INT, Mar 2010 [ PRC (2001) 024617]



CDCC 8B + 58Ni = 7Be+p + 58Ni (E,..,=26 MeV)

8B* angular distributions show

multi-step effects are crucial
[PRC 59 (1999) 2652]

strong nuclear destructive interference
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breakup reactions with loosely bound nuclei

e breakup reactions are very peripheral
e cross sections depend essentially on the ANC

o for low relative energies, small residual dependence on
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FIG. 1. Cross section for the breakup of *B on **Ni at 25.75 MeV
divided by the square of the single-particle ANC. The cross section
is given as a function of the "Be-p relative energy E after breakup.
Calculations are performed with the different "Be-p potentials listed

of the bound state

continuum properties

T 0.14
T1 ——
T2 0.12

in Table T.
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FIG. 3. Breakup cross section of *B on Ni at 26 MeV as a function
of the "Be scattering angle after dissociation. The results are obtained
using either the deep potential (dotted line) or its supersymmetric
partner (full line). The difference is so small that both curves are

[Capel and Nunes, Rev. C 73, 014615 (2006)]
[Capel and Nunes, Rev. C 75, 054609 (2007)]
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breakup reactions and (n,y): methodology

208ph(15C, 14C+n)208Pb@68 MeV/u
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Core excitation in breakup: XCDCC results

‘Be(11Be,1%Be)X @ E=60 MeV/A

Comparison with other models

Model 0o+ O o+ o

Fikonal [| 105 mb|[3.4.mb || 108 mb

CDCC /109 b 110 mb
XCDCC|| 109 mb 117 mb
core state Obu Ost
0T 109 mb |91 mkt
2T & mb | 6 mb

Stripping cross section taken from eikonal
calculations (J.A. Tostevin 2005)

Data: Aumann et al., PRL84, 35 (2000)

INT, Mar 2010 [Summers, Nunes and Thompson, PRC 73 (2006) 031603R]
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FIG. 3. The same as in Fig. 2 but for ®°He + *”Bi scattering at
22.5 MeV. The experimental data are taken from Refs. [1.2]. We take
the incident energy of 22.5 MeV shown in the first paper of Aguilera

etal. [1].
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FIG. 2. Angular distribution of the elastic differential cross
section as the ratio to the Rutherford cross section for ®He +2%“Bi
scattering at 19 MeV. The solid (dashed) and dotted (dot-dashed)
lines show the results of the four-body CDCC (three-body CDCC)
calculation with and without breakup effects, respectively. The
experimental data are taken from Refs. [1.2]. The incident energy
for the experimental data in the laboratory frame is shown to be 19
and 19.1 MeV in the first [1] and second [2] papers of Aguilera et al.,
respectively; in the present study we take 19 MeV.
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CDCC advantages and limitations @g{
=advantages

= implementation in coordinate space

= non perturbative

= treats resonant and non-resonant continuum

= can handle nuclear and Coulomb on equal footing

= no restriction in mass (heavy nuclei)

= can be mapped into underlying many-body theories

= limitations
= not trivial to include non-local interactions
= only up to four body reactions
= grows with number of channels cubed
= inaccurate when transfer channels are important

INT, Mar 2010



= Continuum discretized coupled channels method (CDCC)
= nuclear and Coulomb to all orders
= many applications to weakly bound nuclei: good description of data
= scaling with square of ANC

= Coulomb dissociation can be used to extract peripheral (n,y)

= new methodology based on extracting the ANC
= 14C(n,y)!>C from Coulomb dissociation consistent with direct capture data

= Extensions of CDCC

® including core excitation (XCDCC)
» including 3-body projectiles (4-body CDCC)

= Breakup and transfer on the same footing

® CDCC and Faddeev calculations were compared
= excellent agreement for cases where transfer coupling is weak
» mismatches for the case of 11Be on protons...



Challenges for reaction theory

® large basis sets — need decoupling approximations

= |[ack of accurate optical potentials — need more data

= |ack of rigorous theories connecting short-range
properties and long-range dynamics - need microscopic
overlap functions with correct asymptotic behaviour

does this sound familiar?
talk by Roman Krems

INT, Mar 2010
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