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The in-beam method

Introduction and Motivation

• Compound nucleus 
formation
• Initial state at ~ 8-10 MeV 

(continuum)

Fig.1: The p nuclei are bypassed 
by the s and r processes.

The FIFRELIN Code

The p nuclei:
• Bypassed by s and r process
• Photodisintegration reactions 

are responsible for their 
creation [1]

• Cross sections can be measured 
in accelerators

Fig.3 Nuclear de-excitation after 
proton or alpha capture.

• Missing yield for in-beam measurements can be estimated using 
FIFRELIN

• A wide application of this correction could lead to more 
accurate cross sections

• Tests for other reactions and excitation energies

Discussion and Future Directions

Fig.4 The gamma decay can be measured 
with an array of HPGe detectors.

Fig.5  Gamma spectrum obtained from the 
reaction 112Cd(p,γ)113In [2].

Challenges of in-beam measurements:
• Complex spectra need to be analyzed 

(all gammas to ground/isomeric states)
• Yield below the detection limit can be missed 

(esp. at higher energies) 
Can lead to underestimation of the cross section
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Fig.7 Experimental γ-spectrum of the reaction 112Cd(p,γ)113In and 
FIFRELIN spectrum normalized to the full yield peak Eγ = 638 keV. 

• Measuring all photopeaks 
terminating at the ground 
state gives the cross section
• Angular distribution of 

gammas is necessary [2]

Fig.6 De-excitation modelling with 
FIFRELIN [5].

Correction on the missing yield

Where is the missing yield?

The FIFRELIN code:
• Evaluation of nuclear data and the 

modeling of the fission process [3]
• Can simulate the de-excitation of 

every nucleus from a given level.
• Can reproduce angular 

distributions [4]

Fig.2 Compound nucleus formation.

Fig.8 Experimental cross sections of the reaction 112Cd(p,γ)113Inis and 
corrected value for Ep = 3.4 MeV. 
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