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σୣ୤୤ =  σ୥ + I L σ୫ = ஢ౝ ା ୍ ஢ౣ  ଵ ି ୖ ା ୍ ୐ ୖଵ ି ୖ ା ୍ ୖ = (σ୥ + I σ୫) D
σୣ୤୤  ~ σ୥ +  I σ୫ When T1/2(m.s.) << T1/2(g.s.)

• Improper interpretation of cross section measured with the g.s. activity

1. MOTIVATION
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• D ~ 1 when approximation is reasonable

• D > 1 when σୣ୤୤ overestimates  σ୥ + I σ୫
• To evaluate D, we need:

I ≡ Isomeric transition probability

L ≡ Cumulative factor

R ≡ Isomeric ratio

D = 1 − R + I L R1 − R + I R

L = λ୫λ୫ + λ୥R = σ୫σ୫ + σ୥



• Projectile coveredγ, n, p, d, Hଷ e, α
• Excluded reactions

-M1, -M2, -L
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1. MOTIVATION

• Tool for isomeric ratio calculation

• Improper interpretation of cross section measured with the g.s. activity



• Atlas of Isomeric Ratios
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1. MOTIVATION

• Tool for isomeric ratio calculation

• Improper interpretation of cross section measured with the g.s. activity



2. DATA SOURCES

Nuclide properties
Nucl-Undef-2022-08-03 from Nubase2020 

Experimental data sources
Quasi-C4 Library generated from X4Pro for both production cross sections and IR
X4Pro generated from EXFOR Master 2022-08-23

TALYS
Theorical data (TALYS 1.96)
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• Halflife of the isomers 
• Cumulative factor  L = ஛ౣ஛ౣା஛ౝ

• Spin
• Isomeric transition probability

5

2. DATA SOURCES

2.1 Nuclide properties - Nucl-Undef-2022-08-03

Tabulation

Atlas of Isomeric Ratios

𝐽గ 𝑇ଵ/ଶሾ𝑠𝑒𝑐ሿ 𝐼ሾ%ሿ



• Missing nuclear properties
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2. DATA SOURCES

2.1 Nuclide properties - Nucl-Undef-2022-08-03

Type I L D Examples of product nuclides
Only G state defined in Dict NaN NaN NaN NA-24, AL-30, AS-74, AS-78

G or M state is stable (no half-life) NaN NaN
SE-77, AG-107, AG-109, IN-113, RH-103, SN-117, BA-137, ER-167, 
HF-178, HF-179, TA-180, IR-191, IR-193, AU-197, PB-204, PB-207

M1, M2,... states defined in Dict NaN NaN NaN
AG-116, IN-109, IN-116, IN-118, IN-120, SB-124, SB-126, EU-152, 
HF-178, HF-179, TA-178, IR-190, IR-191, AU-196, PB-203

𝐽గ 𝑇ଵ/ଶሾ𝑠𝑒𝑐ሿ 𝐼ሾ%ሿ



• First experimental data source
• EXFOR-EXP-2022-08-10-v2.c5
• Quasi-C4 file generated from X4Pro for IR

• Second experimental data source
• Quasi-C4 generated from X4Pro for both isomer production 

cross sections and IR
• prodxs-c4like
• prodxsem-c4like
• isorat-c4like

Different formats

Same format
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2. DATA SOURCES

2.2 Experimental data sources

We utilized this tool development for consistency checking of the isomer and total production cross sections and isomeric 
ratios compiled in EXFOR.



• First experimental data source
• EXFOR-EXP-2022-08-10-v2.c5
• Quasi-C4 file generated from X4Pro for IR

1. Datasets against the relation 0 < 𝛔𝐌/𝛔𝐓 < 1

2. Datasets against the relations:
• σ୘ = σୋ + σ୑
• IR(x/y) = σ୶/σ୷ (x, y = G, M or T)
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• Isomer production cross section larger than the total production cross section 
• Negative isomer production cross section

22 Datasets with σ୑/σ୘ ∉  0,1 , 9 of them are due to compilation errors

2. DATA SOURCES

2.2 Experimental data sources



#20836026   34-SE-74(N,2N)34-SE-73-M,,SIG 
#20836025   34-SE-74(N,2N)34-SE-73-G,,SIG 
#20836024   34-SE-74(N,2N)34-SE-73,,SIG 
#        EN CALCULATED EXFORDATA DEVIATION 
#----------><--------><--------><--------> 
     1.295E7    0.0822    0.0822  0.000000 
      1.41E7    0.2997     0.472  0.574908 

• First experimental data source
• EXFOR-EXP-2022-08-10-v2.c5
• Quasi-C4 file generated from X4Pro for IR

DEVIATION = σ୘ −  σୋ + σ୑ / σୋ + σ୑ DEVIATION = IR x/y − σ୶/σ୷IR(x/y) = σ୶/σ୷ (x, y = G, M or T)σ୘ = σୋ + σ୑
#327810051  80-HG-198(N,2N)80-HG-197-M,,SIG 
#327810052  80-HG-198(N,2N)80-HG-197-G,,SIG 
#327810054  80-HG-198(N,2N)80-HG-197-M/G,,SIG/RAT 
#        EN CALCULATED EXFORDATA DEVIATION 
#----------><--------><--------><--------> 
      1.35E7  1.055615       0.1 -0.955615 
      1.41E7  1.193878       0.1 -1.093878 
      1.48E7  1.408434       0.1 -1.308434 

 EXFOR error Author’s typo Unknown Ok Total 
Cross sections 7 1 14 29 51 
Isomeric ratios 6 0 8 22 36 
Total 13 1 22 51 87 

 

2. Datasets against the relations:
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2. DATA SOURCES

2.2 Experimental data sources



• First experimental data source
• EXFOR-EXP-2022-08-10-v2.c5
• Quasi-C4 file generated from X4Pro for IR

2. Datasets against the relations: IR(x/y) = σ୶/σ୷ (x, y = G, M or T)σ୘ = σୋ + σ୑
1) Cases requiring a correction in EXFOR 
2) Case which is suspicious but without a clear reason 
3) Case where the deviation is understandable (not for corrections)
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2. DATA SOURCES

2.2 Experimental data sources



• Second experimental data source
• Quasi-C4 generated from X4Pro for both isomer production cross sections and IR

isorat-c4like.txt

prodxsem-c4like.txt

prodxs-c4like.txt
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2. DATA SOURCES

2.2 Experimental data sources

Product Z/A



Data from "isorat-c4like.txt" will only appear in the ratio plot as just the ratio can be calculated.

prodxs-c4like.txt and prodxsem-c4like.txt 
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2. DATA SOURCES

2.2 Experimental data sources
• Second experimental data source

• Quasi-C4 generated from X4Pro for both isomer production cross sections and IR
isorat-c4like.txt



(e.g., “102Rh” instead of “102gRh” for tabulation 
of 102gRh production cross section.)

-Isomer production cross section larger than the total production 
cross section 
-Negative isomeric ratios
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2. DATA SOURCES

2.2 Experimental data sources
• Second experimental data source

• Datasets against the relation 0 < σ୑/σ୘ < 1



• -G, -M or -T and SIG/RAT are available 
• SIG/RAT from isorat-c4like.txt has preference
• Repeated data is identified when they have the same entry and the same incident 

energies, assuming they also have the same data

• -G, -M and -T are available
• -M with -T has preference
• -G is ignored unless -M with -T don´t have matching incident energies

Repeated data doesn´t appear in “Atlas of Isomeric” Ratios. 14

2. DATA SOURCES

2.3 Criteria for data selection to obtain M/T ratio
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2. DATA SOURCES
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2. DATA SOURCES

• -G, -M or -T and SIG/RAT are available 
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2.3 Criteria for data selection to obtain M/T ratio



• Incident Energy 
1eV to 200 MeV

• 1 Experimental datapoint
TALYS energy range determines the 
energy range of plot

• > 1 Experimental datapoint
Experimental data determines the 
energy range of plot
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2. DATA SOURCES

2.4 TALYS



• Missing nuclear properties from Dictionary - Nucl-Undef-2022-08-03 
(due to isomers currently unknown)

• Unmatching energy of G, M, SIG/RAT datasets eligible for isomeric ratio calculation

• Experimental data not following basic relations
• cpd1058
• cpd1060

• Repeated data in the experimental data 

• Repeated Incident Energy

• Twice appearance of data points from Filtaenkov's experiments
• cpd1061
• cpd1062

3. SUMMARY OF PROBLEMS 
ENCOUNTERED
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• Repeated Incident Energy (due to use of various samples)

Output
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3. SUMMARY OF PROBLEMS 
ENCOUNTERED
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3. SUMMARY OF PROBLEMS 
ENCOUNTERED

• Twice appearance of data points from Filatenkov's
experiments
• Activation cross sections compiled in EXFOR 41424 from RI-258 (2001) were suppressed by the 

corresponding datasets in EXFOR 41614 compiled from INDC(CCP)-0460 (2016)

• Few subentries of EXFOR 41424 are still active entailing to compilation of same experimental 
results twice

• Possible cause
The datasets in two entries are not for direct 
comparison

-Elemental cross section v.s. isotopic cross section
-Isomeric ratio v.s. isomer production cross sections



• Twice appearance of data points from Filatenkov's
experiments
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3. SUMMARY OF PROBLEMS 
ENCOUNTERED

-EXFOR 41420 from RI-252 (1999)  
-EXFOR 41614 compiled from INDC(CCP)-0460 (2016).

• After comparison of Filatenkov’s activation cross sections in EXFOR 41424 and 41614, we also found 
similar pairs between



4. CALCULATIONS

∆𝑧 ଶ = 𝜕𝑧𝜕𝑥 ଶ ∆𝑥 ଶ + 𝜕𝑧𝜕𝑦 ଶ ∆𝑦 ଶ
When x and y are independent

𝑅௑/௒ = 𝜎௑𝜎௒  ;        𝑋,𝑌 = 𝑀,𝐺,𝑇

• The uncertainties in x and y are propagated to the uncertainty in z=f(x,y) by 

• Mathematical operations were performed to obtain all uncertainties possible
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• Uncertainty propagation to isomeric ratio

• IR uncertainty was calculated to allow examine goodness of Talys curve by calculation of 
the chi-square and the root mean square F-Factor



𝜒ଶ = 1/𝑛 ∑௜ୀଵ௡ 𝐼𝑅் − 𝐼𝑅ா∆𝐼𝑅ா ଶ• Chi-square

5. GOODNESS OF FIT

Reaction Chi-square F-factor
n √(Σχ2/n) n exp[√(Σf/n)]

0Ir(a,x)194Ir 3 2645,7 3 337,1
197Au(n,x)198Au 6 326,2 1 200,5
0Pb(p,x)198Au 1 4,9 1 114,1
197Au(d,x)198Au 40 1954,6 40 103,5
0Ir(d,x)194Ir 20 381,5 20 28,0
197Au(h,x)198Au 14 301,9 12 24,9
196Hg(n,x)197Hg 3 102,7 3 22,1
198Pt(d,x)198Au 26 545,1 26 18,5
110Pd(n,x)111Pd 1 4,8 1 16,8
141Pr(n,x)142Pr 1 98,4 1 16,2
196Pt(n,x)197Pt 6 17,2 6 9,0
126Te(n,x)127Te 1 4,5 1 8,3
89Y(d,x)90Y 37 61,5 37 7,2
118Sn(p,x)118Sb 17 9,1 17 7,0
120Te(d,x)120I 26 27,1 26 6,4
170Er(n,x)170Ho 1 37,7 1 6,3
104Pd(p,x)104Ag 30 40,0 30 6,3
184W(p,x)184Re 7 6,7 7 6,1
0Pt(d,x)198Au 29 55,3 29 5,9
0Zr(p,x)95Nb 69 20,2 69 5,8
0Lu(d,x)177Lu 2 17,2 2 5,5
206Pb(p,x)198Au 1 3,3 1 5,4
176Yb(a,x)177Lu 2 19,3 2 5,2
90Zr(d,x)89Nb 6 3,3 6 5,1

𝑓௥௠௦ = 𝑒𝑥𝑝 1𝑛෍ lnଶ 𝑟௜௡
௜ୀଵ

ଵ/ଶ

⟨ூோ⟩೅⟨ூோ⟩ಶି⟨∆ூோ⟩ಶ if  ⟨𝐼𝑅⟩் < ⟨𝐼𝑅⟩ா − ⟨∆𝐼𝑅⟩ா    ⟨ூோ⟩೅⟨ூோ⟩ಶା⟨∆ூோ⟩ಶ if ⟨𝐼𝑅⟩் > ⟨𝐼𝑅⟩ா + ⟨∆𝐼𝑅⟩ா
1                            Otherwise

• F-Factor 

PRELIMINARY

E ≡ EXFOR
T ≡ TALYS

r =

23



6. CONCLUSIONS

• There might be more errors like described in memos 
(CP-D/ 1058, 1060) not detectable by us.

• IR Plots are useful for identifying compilation errors 
(CP-D/ 1061, 1062) 

• IR Plots are a good way to identify overestimation of 
the g.s. and m.s.

24



7. USAGE OF THE TOOL
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~ 40000 Datapoints

1035 Reaction - Plots
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