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Hauser-Feshbach cross section of raditaive
neutron capture: AX(n,y)A*X
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YSF method

The y-ray strength function fy,(¢,) Is a nuclear statistical quantity
that interconnects photoneutron and radiative neutron capture
cross sections within the HF model calculation.
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Methodology: ySF method

STEP 1
High precision measurements of (»,n) cross sections near
neutron threshold

STEP 2

- Investigation of ySF that reproduces the measured (,n)
Cross sections

- Extrapolation of SF to the energy region below S, with
the help of nuclear physics models of ySF

- Justification of ySF by reproducing known (n,») cross
section in the statistical model calculation

STEP 3
Predictions of (n,») cross sections for unstable nuclel with

YSF adopted in STEP 2 by the statistical model
calculation




v—ray strength function relevant to

(n,y) cross sections
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Applications

O LLFP (long lived fission products)
nuclear waste

O Astrophysical significance

STEP 1 Measurements of (y,n) cross sections

STEP 2 |Investigation of ySF that reproduces (y,n) cross sections

Extrapolation of ySF below S,

—> Justification of ySF by reproducing existing (n,y) data
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STEP 3 — Prediction of (n,y) cross sections for 1°7Pd




Laser Compton scattering y-ray beam

Ev Inverse Compton Scattering

“photon accelerator”
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AIST (National Institute of Advanced Industrial
Science and Technology)
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Neutron Detector System

Triple-ring neutron detector
20 3He counters (4 x 8 x 8 ) embedded in polyethylene




STEP 1

Measurement of
(y,n) cross section
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STEP 2 - Extrapolation of ySF ySF for 108p(d

RMF + QRPA  D. P Arteaga and P. Ring, Phys. Rev. C77, 034317 (2008)
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STEP 2 - Justification of the adopted vSF
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STEP 3 - statistical model calculations of (n,y)
cross sections for radioactive nuclel
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Applications

O LLFP (long lived fission products)
nuclear waste

O Astrophysical significance

STEP 1 Measurements of (y,n) cross sections

STEP 2 Investigation of ySF that reproduces (y,n) cross sections

Extrapolation of yYSF below S,

—> Justification of ySF with existing (n,y) data
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STEP 3 — Prediction of (n,y) cross sections for 121Sn and 123Sn




Application

STEP 1 wMeasurement of (y,n) cross section
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STEP 2 - Extrapolation of ySF to the low-energy region
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Application

STEP 1 measurement of (y,n) cross section Sn Isotopes
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STEP 1

Measurement of
(y,n) cross section

Sn isotopes
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YSF for Sn isotopes
-comparison with the

Oslo method

Toft et al.,
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PRC 83 (2011)
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STEP 2 - Justification of the adopted ySF
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STEP 3 -

Statistical model
calculations of (n,y)
Cross sections for
radioactive nuclei
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Summary

1. The y-ray strength function method (ySF method) to indirectly determine
radiative neutron capture cross sections for unstable nuclei is devised.

@/\/e have applied the ySF method to deduce (n,y) cross sections for 1211235,
’Pd, 239°Zr and 7°Se.

@Fhe uncertainty of the method arises from the level density, being typically
0-40 %, if experimental data such as neutron resonance spacings are
available.

4. There are many nuclei to apply YSF method throughout the chart of
nuclides.

5. Key factors for a versatile application of the ySF method
eunderstanding PDR and M1 resonance throughout the chart of nuclides
eRefinement of ySF &NLD models
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Applications

O LLFP (long lived fission products)

Present (y,n) measurements nuclear waste

O Astrophysical significance

STEP 1 Measurements of (y,n) cross sections

STEP 2 Investigation of ySF that reproduces (y,n) cross sections

Extrapolation of yYSF below S,

—> Justification of ySF with existing (n,y) data
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STEP 3 — Prediction of (n,y) cross sections for %zr and 9Zr




STEP 1 - Measurement of (y,n) cross section
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Application

STEP 2 - Extrapolation of ySF to the low-energy region
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Application
STEP 2 -justification of the adopted vSF

TALYS code of the HF model
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Application
STEP 2 — justification of the adopted vSF
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o(n,y) [mb]

Application

STEP 3 - statistical model calculations of (n,y) cross sections
for radioactive nuclei
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Comparison with the surrogate reaction technique

Forssen et al., PRC75, 055807 (2007)
Zr isotopes
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1. The surrogate reaction technique gives larger cross sections by a
factor of ~ 3 than the ySF method.

The surrogate reaction technique gives similar cross sections to
those given by the ySF method provided that a choice is made of the
Lorentian type of ySF.



