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One-neutron removal
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Which quantity should be extracted from this reaction?

Both ANC and spectroscopic factor with theoretical error bar



Nuclei near the neutron drip line
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ex.) 31Ne



Studies on 31Ne

W. Horiuchi et al., Phys. Rev. C 81, 024606 (2010)

T. Nakamura et al., Phys. Rev. Lett. 103, 262501 (2009)

 Experiment on one-neutron removal reaction

 Reaction analysis with Glauber model

They suggested a strong 1p3/2 configuration.

In the naive shell model, 0f7/2 or 1p3/2?
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Breakdown for Coulomb breakup!

Reaction theories

 Continuum-Discretized Coupled Channels (CDCC) method

 Glauber model

○Exclusive reaction

Eikonal approximation + adiabatic approximation

Reliable calculation

We propose a new theory to treat the inclusive reactions accurately.
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Eikonal reaction theory (ERT)

×Inclusive reaction

○Exclusive reaction ○Inclusive reaction



Eikonal reaction theory（ERT）

Three-body Schrödinger equation

Internal Hamiltonian:

Potentials:
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One-neutron halo projectile

31Ne

12C or 208Pb



(Neglect of in )

Eikonal reaction theory（ERT）

The eikonal approximation

 Product assumption

: Path ordering operator
The S-matrix as a formal solution
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(Z ordering)



We apply the adiabatic approximation to only .

Eikonal reaction theory（ERT）
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The error coming

from this approximation

Very good!



Eikonal reaction theory（ERT）

How to get and

CDCC calculation
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is a formal solution of

is a formal solution of



Cross sections

 One-neutron removal cross section

 Stripping cross section

 Elastic breakup cross section
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Stripping reaction Elastic breakup



Reaction model

 Three-body Schrödinger equation

Effective interaction : Niigata interaction

B. Abu-Ibrahim, W. Horiuchi, A. Kohama, and Y. Suzuki,

Phys. Rev. C 77, 034607 (2008). 

 Optical potentials
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Structure of 31Ne

Core (30Ne) + valence neutron (0f7/2 or 1p3/2 )31Ne

Single particle level in Woods-Saxon potential
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Bn= 0.33 (MeV)

Neutron separation energy



Numerical results

cf. Horiuchi et al. 
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 The case of large b

Reaction mechanism

 The case of small b

Application of the ANC method

Strong absorption

No reaction

core valence

In the ERT,
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Peripheral reaction!



Spectroscopic factor and ANC

for 1p3/2 orbit and 12C target
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Spectroscopic factor and ANC

 S-factor

Large theoretical ambiguity

(about 20%)
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ANC

Small theoretical ambiguity

(about 3%)



Summary

 Theoretical framework

 Quantitative analysis

The eikonal reaction theory (ERT) is an accurate method to treat 

neutron-removal reactions. 
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ANC has small error bar and weak target dependence. 

Meanwhile, s-factor has large error bar compared with ANC. 

But, s-factor is convenient for comparison with theoretical 

prediction made by the shell model. 

This means that s-factor should be extracted from the 

experimental data with the theoretical error bar.  


