
USNDN Meeting – November 3-6, 2009

JJππ from (from (n,n,γγ) Measurements and ) Measurements and 
Statistical Model CalculationsStatistical Model Calculations

Richard B. Firestone

Lawrence Berkeley National Laboratory



USNDN Meeting – November 3-6, 2009

((n,n,γγ) E=Thermal Data Considerations) E=Thermal Data Considerations
• Thermal (n,γ) data are usually incomplete except for light 

(Z<20) isotopes.  Beware of papers that normalize γ-ray 
intensities to ΣIγ(GS)=100.

• Primary γ-rays are mainly E1 or M1. E2 γ-rays are much 
weaker

209Bi(n,γ):  4604.7(4−,5−) → 433.5(7−)  Iγ=30% [E2]

It is improbable that the strongest primary γ-ray is E2.  
Most likely Jπ(433.5)=6− and the Jπ assignments of low-
lying levels in 210Bi are incorrect.

• Statistical model calculations can provide important 
information about spin assignments.



LowLow--Z DataZ Data
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The decay schemes of low-Z isotopes are often complete. 
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Cross section balance for  Cross section balance for  
2424Mg(n,Mg(n,γγ))2525MgMg

Cross section balance for the 25Mg neutron capture decay scheme
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HighHigh--Z DataZ Data
For Z≥20 measured neutron capture γ-ray 
decay schemes are generally incomplete due 
to unresolved continuum γ-rays. 
σ0=21.0±1.5 b (Mughabghab)
σγ(primary γ-rays)=0.55 b
σγ(secondary γ-rays, observed)=20.3 ±0.3 b
σγ(secondary γ-rays, statistical =1.4 ±0.3 b

σ0=21.7±4 b

105Pd(n,γ)106Pd level feeding cross sections 
calculated from EGAF data. 

105Pd(n,γ)106Pd Level Feedings
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Statistical Model CalculationsStatistical Model Calculations
The (n,γ) continuum feeding is 
statistical so it can be calculated if

1. σγ deexciting levels below a 
cutoff energy Ecrit is complete. ↓

2. Primary σγ populating the levels 
below Ecrit from the capture state is 
complete. ↓

3. Jπ of levels below Ecrit are well 
known.

4. Level density ρ(E>Ecrit,J) is 
known.

5.Photon strength f(Eγ) deexciting
levels above Ecrit is known ↓ ↓
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DICEBOX CalculationsDICEBOX Calculations
DICEBOX is a Monte Carlo code by F. Becvar and M. Krticka. It generates 

complete simulated neutron capture decay schemes constrained by 
known nuclear properties and statistical models.

A. Discrete primary and secondary σγ data from EGAF
B. Jπ data for E<Ecrit from Reaction Input Parameter Library (RIPL)
C. Level density models

1. Constant temperature (CT)
2. Back-shifted Fermi (BSF) model

D. EI Photon Strength
1. Brink-Axel (BA)
2. Kadmenski, Markushev, Furman (KMF) for spherical nuclei
3. Kopecky et al generalized Laurentian (GLO), temperature dep.

E. M1 Photon Strength
1. Single Particle (SP),  f(E1)/f(M1)=5-7 or  f(M1)=1.2×10-8 MeV-3

2. Spin-Flip (SF),  Laurentzian resonance ≈8.5 MeV, ΓSF≈4 MeV



Population/Depopulation PlotPopulation/Depopulation Plot

Admixture of capture 
state Jπ values 
determined by least-
squares fit.
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Significant deviations from the line can be indications of problems with input 
RIPL nuclear structure data.  Either Jπ or γ-ray branching may be wrong.
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Data Problems: Data Problems: JJππ ErrorsErrors
Statistical model calculations can be 
used to constrain Jπ values.  

2306-keV level feeding is consistent 
with Jπ=3− not Jπ=4− adopted in 
ENSDF on basis of γγ(θ).

2397-keV level feeding is consistent 
with Jπ=4− when additional γ-ray is 
placed.  Assignment of Jπ=5− in 
ENSDF is based on L=(5) in (p,t).

Statistical Feeding to 2306 Level in 106Pd (4- in ENSDF)
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Statistical Feeding to 2397 Level in 106Pd (5- in ENSDF)
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Level Scheme ErrorsLevel Scheme Errors

Mistaken level assignment

1904.3 keV level assigned using the 
Ritz principal. 

σγ(1904)expt
=0.12 b

σγ(1904)DICEBOX=1.13 b 

Reassigning placement of the 347-
and 776-keV γ-rays to deexcite the 
1909.4-keV level gives 

σγ(1909)expt
=0.62 b 

σγ(1909)DICEBOX=0.83 b 
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Resolving Resolving γγ--ray Doubletsray Doublets

2676.6                                     4+

2676.3                                     6+

1128.0                                     4+

511.9                                      2+

0.0                                      0+
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Doublet cross section (σ848.5γ=0.448 b) 
populating the 4+ and 6+ can be divided 
based on DICEBOX calculation.

Eg
(keV)

Transition Calculated 
cross section 

(barns)
848.6 4+→4+ 0.345±0.022
848.3 6+→4+ 0.103±0.022
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Jπ=5/2−

Jπ=7/2−

DICEBOX Population/Depopulation plot for 184W(n,γ)185W data.  Levels at 
66- and 188-keV have Jπ=5/2− in ENSDF.  Statistical model calculations 
indicate that both levels are more consistent with 7/2−.  Many other 
“definite” Jπ values in 185W must be revised.
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185185W W JJππ JustificationsJustifications
Level  Jπ(ENSDF)  ENSDF Jπ justification New Jπ
0.0 3/2− Atomic beam 3/2−

23.5 1/2− 1/2−,3/2− (n,γ), DWBA 3/2−

65.9 5/2− L=3 in (d,t),(d,p), M1+E2 to 3/2− 7/2−

α(L)exp=10(2), 11(3).  α(L)M1=2.11, α(L)E2=16.6      
α(M)exp=3.5(15).  α(M)M1=0.48, α(M)E2=4.2
ICC(65.9γ) is also consistent with E2

93.3 3/2− L=1 in (d,t),(d,p) 3/2−

173.7 7/2− M1+E2 to 5/2−, E2 to 3/2−(GS) 7/2−

187.9 5/2− L=3 in (d,t),(d,p), γ-ray to 1/2− 7/2−

J=L+1/2 appears to be favored in (d,t),(d,p) reactions
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ConclusionsConclusions
• Statistical model calculations provide an important 
check of Jπ assignments

• “Definite” Jπ assignments may be wrong

• New publications using statistical Jπ arguments are 
coming 

• Simple statistical arguments should be used by 
evaluators when adopting Jπ values.

• An evaluator code for doing statistical calculations 
would be useful.


