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Breakup reaction
Breakupused to studyexoticnuclear structures
e.g. halo nuclei:halodissociates fromcore

by interaction with target
Coulomb breakup used to infer radiative-capture rates
of astrophysicalinterest [7Be(p,γ)8B,14C(n,γ)15C,. . . ]

Outline

Description of breakup models:CDCC,
time-dependent (TD), eikonal (DEA)

Comparison.
When and why chose a particular model?
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Framework
Projectile(P ) modelled as a two-body system:
core(c)+loosely boundneutron(n) described by

H0 = Tr + Vcn(r)

Vcn adjusted to reproduce
bound stateΦ0

and resonances
TargetT seen as
structureless particle
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P -T interaction simulated by optical potentials
⇒breakup reduces tothree-bodyscattering problem:

[TR + H0 + VcT + VnT ] Ψ(R, r) = ETΨ(R, r)

with initial conditionΨ(r, R) −→
Z→−∞

eiKZ+···Φ0(r)
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CDCC
Solve the three-body scattering problem:

[TR + H0 + VcT + VnT ] Ψ(r, R) = ETΨ(r, R)

by expandingΨ on eigenstates ofH0

Ψ(r, R) =
∑

i χi(R)Φi(r) with H0Φi = ǫiΦi

Leads to set of coupled-channel equations (henceCC)
[TR + ǫi + Vii] χi +

∑
j 6=i Vijχj = ETχi,

with Vij = 〈Φi|VcT + VnT |Φj〉
The continuum has to bediscretised(henceCD)
[Tostevin, Nunes, Thompson, PRC 63, 024617 (2001)]
Fully quantalapproximation
No approx. onP -T motion, no restriction on energy
But expensivecomputationally (at high energies)
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Time-dependent model
P -T motion described byclassical trajectoryR(t)
[Esbensen, Bertsch and Bertulani, NPA 581, 107 (1995)]
[Typel and Wolter, Z. Naturforsch. A54, 63 (1999)]
P structure described quantum-mechanically byH0

Time-dependent potentials simulateP -T interaction
Leads to the resolution of time-dependent
Schrödinger equation (TD)

i~
∂

∂t
Ψ(r, b, t) = [H0 + VcT (t) + VnT (t)]Ψ(r, b, t)

Solved for eachb with initial conditionΨ −→
t→−∞

Φ0

Many programshave been written to solveTD

Lacksquantum interferencesbetween trajectories
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Dynamical Eikonal Approximation
Three-body scattering problem:

[TR + H0 + VcT + VnT ] Ψ(r, R) = ETΨ(r, R)

with conditionΨ −→
Z→−∞

eiKZΦ0

Eikonalapproximation: factoriseΨ = eiKZΨ̂

TRΨ = eiKZ [TR + vPZ +
µPT

2
v2]Ψ̂

NeglectingTR vsPZ and usingET = 1

2
µPTv2 + ǫ0

i~v
∂

∂Z
Ψ̂(r, b, Z) = [H0 − ǫ0 + VcT + VnT ]Ψ̂(r, b, Z)

solved for eachb with conditionΨ̂ −→
Z→−∞

Φ0(r)

This is the dynamical eikonal approximation (DEA)
[Baye, P. C., Goldstein, PRL 95, 082502 (2005)]
Same equation asTD with straight line trajectories
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15C + Pb @ 68AMeV
Comparison ofCDCC, TD, andDEA

[PC, Esbensen, and Nunes, accepted in PRC]
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Data: [Nakamuraet al.

PRC 79, 035805 (2009)]
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DEA agrees withCDCC
TD reproduces trend
but lacks oscillations
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15C + Pb @ 20AMeV
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DEA too high
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TD gives trend ofCDCC
(lacks oscillations)
DEA peaks too early

DEA6=CDCCdue to Coulomb deflection
(TD straight lines)
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Comparison
CDCC TD DEA Eikonal

Coulomb bu ok ok ok diverges
nuclear bu ok no ok ok
Energy all all(?) high high
Observables all

∫
dθ all all

CPU time long short short very short
(for this test) 208 h 14 h 48 h 1 h
RAM 64 GB desktop 400 MB desktop

Other reactions

stripping maybe no maybe ok
transfer maybe no no no
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Conclusion and outlook
Good understanding of reaction process
Next step: improvingprojectile description
CDCCis by no means the only one reaction model
TD andDEA (andeikonal) are reliable
(within their range of validity) AND arefaster

⇒use them to improve description of the projectile:
core excitation
two-neutron haloes(cf. E. C. Pinilla Beltran’s poster)

microscopic description

Range of validity can be extended
describestrippingwith CDCC(cf. K. Minomo’s talk)

low-E Coulomb breakup within DEA
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