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Goals : DiceBox model calculations

Input : EGAF-RIPL3 data on levels,

deexcitation & primary gammas,

partial gamma cross sections σiγ f

Model level densities, PSFs, Icc’s

Output: Level populations, errors (from all)

Level populations, errors 

(from quasi-continuum)

Capture cross section :

σγ0 = ∑ σγ
exp(gs) + ∑ σγ

sim(gs)

1. Introduction
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1. Introduction

DiceBox Physics
• Compound nucleus decay : Extreme Statistical Model

see F. Becvar, NIM in Phys. Res. A 417 (1998) 434-449  →↓

Partial radiative width (i → f)

Total radiative width (of level-i)

Branching Intensity (from the given level-i)
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1. Introduction

Auxiliary Software
• Depopulation intensity (for each discrete levels below Ecut)

INPUT : EGAF data file & DiceBox input data (from RIPL etc.)
Output : Abs. gamma intensities (& errors) per capture

Primary gamma intensities (& errors) written into DiceBox input file

• x-y Plot of Population and Depopulation intensities
Population intensities (y) from DiceBox simulation (models)
Depopulation intensities (x) from EGAF file (capture-γ experimental dataset)
Quality-of-fit = reduced chi-square (χ2/ν)

≡

If all xi = yi, chi-square is zero !!
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컨테이너 화물검색시설Method & policy of simulations
• M. Krticka et al. Phys. Rev. C77 (2008) on Pd isotopes
• Level Density Models

1) CTF (Constant Temperature Formula)
2) BSFG (Back-Shifted Fermi Gas)
3) Composite (Gilbert-Cameron)
Comparison with exp. data : 

No. of discete low-energy levels,
Ave. resonance spacing around neutron separation energy (Bn) = D0

• E1 Photon Strength Function Models
1) BA (Brink-Axel) 2) GLO (Generalized Lorentzian)
3) EGLO (Enhanced GLO)    4) KMF (Kadmensky-Markushev-Furman)
5) GFL (Generalized Fermi Liquid)
6) MLO (Modified Lorentzian or Plujko model)

Comparison with exp. data : total radiation width 〈Γcγ〉 of capturing state

2. DiceBox Runs
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컨테이너 화물검색시설Results on D0 and 〈Γcγ〉
• Table 1

2. DiceBox Runs
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컨테이너 화물검색시설E1 PSF Models and Exp. Data
• Fig. 2

2. DiceBox Runs

156Gd

The model PSF shapes are compared with an experimental PSF dataset of average resonance capture (ARC) measurement in the 
reference (Mughabghab and Dunford, Phys. Lett. B487, 155, 2000). Bn is the binding energy of neutron in 156Gd, 8.536 MeV.
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컨테이너 화물검색시설E1 PSF Models and Exp. Photon abs. Data
• Fig. 3 : High energy photon absorption data

2. DiceBox Runs

156Gd
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3. Model Results

Population-Depopulation Balance Plot (x-y)
• x : Depopulation intensity (EGAF & Budapest measurements)
• y : Population intensity (DiceBox simulations)

156Gd Best Fit

• D0 : 
1.7 (Model)
1.8(2) (Exp)

• 〈Γcγ〉 :  
109(1) (Model) 
110(3) (Exp)
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4. Capture Cross Section

Thermal neutron capture cross section (σ0) : 155Gd(n,γ)

,   f ≡ g.s.

First sum : n = 6 (discrete levels), partial σγ’s from EGAF,
Icc corrections essential 61,600(3,800) b

Second sum :  Direct population of g.s. from continuum (DiceBox output)
4.7 – 6.5 % of total population of g.s.  

Both sum : 
σ0 = 65,200 (4,100) b
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5. Other Isotopes

158Gd : 157Gd(n,γ)

Quality of fit similar to the 
case of 156Gd

Highest spin state (8+) : 
large deviation
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5. Other Isotopes

153Gd : 152Gd(n,γ)

Quality of fit best

Two states’ spin changed
One state’s parity changed
Renormalization
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5. Other Isotopes

155Gd : 154Gd(n,γ)
High spin states’ deviation

Isomeric cross section :
(121.05 KeV, 11/2-, T1/2 = 32 ms)

0.13(6) b
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6. Summary

DiceBox result 
Useful for obtaining the side-feeding intensity
Useful for deciding capture cross section for thermal neutron
Quasi-continuum emission spectrum & other pysical quantities

can be predicted
Gd cross sections in review  

• 155Gd(n,γ) : Bigger than ENSDF value, 60900(500) b, by 7%
• 157Gd(n,γ) : Smaller than ENSDF value, 254000(815) b, by 15%
• 152Gd(n,γ) : Smaller than ENSDF value, 735(20) b, by 6%
• 154Gd(n,γ) : Consistent with ENSDF value, 85(12) b

Possible improvements ?
• Automatic search for best fit 

Thanks !!!

High spin states & isomeric states
• More study required
• Better level density?   


