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Central assumption: Both reactions form a compound nucleus
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Consider two reactions:

Experimentally Obtained:
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232Th(3He,ααααf) →→→→ 231Th* ←←←← 230Th(n,f) 
236U(3He,αγαγαγαγ) →→→→ 235U* ←←←← 234U(n,f)
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232Th(3He, 3Hef) →→→→ 232Th* ←←←← 231Th(n,f) 
236U(3He, 3Heγγγγ) →→→→ 236U* ←←←← 235U(n,f)
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(n,γ) Cross Sections Using the External 

Surrogate Ratio Method
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R. Hatarik, et al. Phys. Rev. C 81, 011602(R) (2010). 
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170Yb(n,γ) Cross Section using the Surrogate Ratio Method: 

Comparison of  (3He,3He’) and (3He,α) Entrance Channels

� M.V. Bokhovko, et al. (1996)

� (3He,3He’) Surrogate Data

� (3He,α) Surrogate Data

171Yb(3He,3He’γγγγ) →→→→ 171Yb* ←←←← 170Yb(n,γγγγ) 172Yb(3He,αγαγαγαγ) →→→→ 171Yb* ←←←← 170Yb(n,γγγγ) 
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B.L. Goldblum, et al. Phys. Rev. C 78, 064606 (2008). 

171Yb(3He,3He’γγγγ) →→→→ 171Yb* ←←←← 170Yb(n,γγγγ) 
161Dy(3He,3He’γγγγ) →→→→ 161Dy* ←←←← 160Dy(n,γγγγ)

172Yb(3He,αγαγαγαγ) →→→→ 171Yb* ←←←← 170Yb(n,γγγγ) 
162Dy(3He,αγαγαγαγ) →→→→ 161Dy* ←←←← 160Dy(n,γγγγ)



Surrogate Ratio Methodology for the 

Determination of  (n,γ) Cross Sections

Inelastic scattering entrance channel:
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162Dy(3He,3He’γγγγ) →→→→ 162Dy* ←←←← 161Dy(n,γγγγ) 
161Dy(3He,3He’γγγγ) →→→→ 161Dy* ←←←← 160Dy(n,γγγγ) 

163Dy(3He,αγαγαγαγ) →→→→ 162Dy* ←←←← 161Dy(n,γγγγ) 
162Dy(3He,αγαγαγαγ) →→→→ 161Dy* ←←←← 160Dy(n,γγγγ) 

Inelastic scattering entrance channel:

Pickup reaction entrance channel:



Experimental Apparatus
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M. Guttormsen, et al., Phys. Rev. C 68, 064306 (2003).

U. Agvaanluvsan, et al., Phys. Rev. C 70, 054611 (2004).



161Dy(n,γ) Cross Section using the Surrogate 

Ratio Method
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161Dy(n,γ) Cross Section using SRM
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Gamma De-excitation from Positive 

Equivalent Neutron Energy
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Application of  γ-ray energy threshold
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Surrogate Ratio Measurements on 

Spherical or Quasi-Spherical Nuclei?
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92Mo(d,pγγγγ) →→→→ 93Mo* ←←←← 92Mo(n,γγγγ) 
94Mo(d,pγγγγ) →→→→ 95Mo* ←←←← 94Mo(n,γγγγ) 



External Surrogate Ratio Method
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Consider two reactions:

Obtained via Experiment and 

Theoretical Modeling:
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Conclusions

� (n,f) benchmarking successful for two similar

compound nuclei using the SRM

� Using statistical γγγγ-ray tagging, no significant

γ
Using statistical -ray tagging, no significant

discrepancies in the external SRM (n,γ) cross sections for

two similar, deformed compound nuclei

� Application of a gamma-ray energy threshold may

emphasize statistical gamma-ray transitions
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