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Subbarrier Fusion - Experimental Observables
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One-dimensional Model
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One-dimensional Inversion
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Classical versus Quantum Tunneling
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Methods of calculating fusion cross sections

Potential barrier = ccbEF X
parabola
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Halo Nuclei

» Understanding the effects of barrier
penetration and transfer processes

- Weakly-bound systems with a positive Q-
value may lead to a reduction of osq,,

» Separating complete and incomplete fusion
(theorists & experimentalists do it
differently)



Diffuseness for both fusion and quasi-elastic scattering =
1.5 to 2 X diffuseness for elastic scattering

Fusion:.
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Fusion of unstable nuclei

» Coupling to a resonance state
Balantekin and Takigawa
 Molecular Bond Formation (°Li + HLi)
Balantekin and Bertulani

Fusion of asymmetric systems (low
Vouclear’ Veouloms 1N The Tail of the potential)
is well understood. Can we use this
knowledge to probe neutron rich nuclei?



Multi-Channel WKB Approximation
Hagino and Balantekin, 2004

Coupled-channel equations
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Local transmission matrix
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Exact equation
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Example: A three-channel problem
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Uncoupled
barrier

Hagino,
Balantekin

2004

1 u:lhamnl:l
(No Coupling)

1

H

[

I

0.8 |
]

;

0.6 :
h
H
i

0.4

0.2

0

10"

Iﬂgﬂ I 95 | 1{K) . 105
E (MeV)

Linear
scale

Log scale

110



Coupled
barrier

-=-- WKB _
- No Coupling |

E (MeV)

105

1100



Fusion in astrophysical settings

Additional issues:

3He(“He,2p)He present (LUNA
- Stellar Screening Em _1“%{}
* Laboratory . |
Screening % N
Adelberger, et al. k 2 £\
1998 NN




Laboratory Electron Screening

* Adiabatic approximation: Constant energy
shift to the Coulomb potential.

Langanke et al.
+ Data requires even larger shifts.

* Puzzle: Adiabatic approximation typically
overpredicts. (— excluded physics?)



Laboratory screening
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are very small.
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Electromagnetic Effects in
Tunneling

Suggestion: Virtual photon
emission during tunneling
may increase probability
Flambaum and Zelevinsky,

1999 2.9x10”

Radiation field can be
eliminated using the path
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screening is still a puzzle
Hagino and Balantekin,
2002.
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Concluding questions

* For asymmetric systems the barrier is well-outside the
region where nuclei touch. Multidimensional barrier
penetration is conceptually well-defined. Do we really
understand the fusion of such nuclei? What is the large
diffuseness telling us?

* What happens when nuclei fuse at energies well-below the
barrier?

* Do we understand how we should theoretically formulate
the fusion of unstable nuclei? What can we learn by
studying fusion of nuclei off the line of stability?



