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1 Purpose
Although EXFOR contains a lot of experimental nuclear reaction data (about 24,000 experiments), there are a lot of coding errors
that should be corrected. In this work, we focused on the level energy (E-LVL) rather than excitation energy (E-EXC) that should be
modified in order to reflect what is reported by experimentalists.

2 Process
EXFOR contains a lot of data, and it is time-consuming to check all of them manually. Therefore, we developed a program which
extracts the data with the high possibility of error by setting the allowance to 5%. This program selected the data registered in EXFOR
whose E-LVL value is more than 5% far from any values registered in ENSDF. It should be noted that there may be an E-LVL value
more than 5% away from any ENSDF value but do not need to be corrected, and there may be an E-LVL value less than 5% away but
need to be corrected. We were not able to investigate the latter in this study.

Among the data existing in EXFOR, the present survey covers all reactions where the incident particles are neutrons, protons,
deuteron, triton, helium-4, helium-3, and γ rays, and spontaneous fission reactions.

3 Results
There were 9331E-LVL values more than 5% far from any values registered in ENSDF. Table 1 shows the number of suspicious
E-LVL values extracted by the program for each projectile and spontaneous fission reaction.

Table 1: Number of E-LVL values for each reaction and incident particle

Reactions, Number of E-LVL Fraction of experiments
Projectile values (Fraction (%) ) in EXFOR (%)
Proton 273 (29) 20
Deuteron 270 (29) 9
Helium-3 143 (15) 3
Neutron 117 (13) 46
Helium-4 96 (10) 8
Gamma ray 24 (3) 6
Triton 9 (1) 1
Spontaneous Fission 1 (0) 3
Total 933 (100) 100

It should be noted that the number extracted by the program depends on the reaction and incident particle, but it also depends on
the number of data originally recorded in EXFOR. Proton and Helium-3 is a good example.

EXFOR is built on the cooperation of various data centers. Table 2 shows the number of suspicious E-LVL values extracted by
the program for each center / projectile.

Table 2: Number of suspicious E-LVL values per data center/projectile
Center / projectile O E F 2 D A 1 4 C M T L 3 S K R
Number of E-LVL 439 138 106 56 36 30 28 26 25 12 11 11 8 5 1 1
values (Fraction (%) ) (47) (15) (11) (6) (4) (3) (3) (3) (3) (1) (1) (1) (1) (1) (0) (0)
Fraction of experiments 10 5 6 15 8 5 19 7 10 4 1 1 8 1 0 0
in EXFOR (%)

1If the same subentry had multiple E-LVL values in the Data or Common sections, they were counted separately.
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It should be noted that the number of experiments for each data center / projectile originally included in EXFOR is also different,
as explained in Table 1.

Next, we checked the original paper for the 933 suspicious E-LVL values extracted by the program. As a result, it became clear
that there were some cases that needed to be corrected. Table 3 shows the number of suspicious E-LVL values that are related coding
mistakes.

Table 3: Number of data with and without correction

Decision Number of E-LVL values
Not necessary (N) 470
Necessary (Y) 412
Not necessary but not certain (N?) 34
Necessary but not certain (Y?) 2
Data source unknown (?) 15
Total 933

The number of suspicious E-LVL values that needed to be corrected and not needed were about the same.
Table 4 shows which need to be corrected.

Table 4: Number of coding errors
Correction point Number of errors
Unit 159
Heading 90
Number in Data 60
Number in Common 54
REACTION 48
EN-SEC 5
Total 416

There were a total of 4162 3 pieces that needed to be fixed. It became clear that there were various modifications.
The following is a detailed explanation of each modification.

3.1 Unit
The first is a correction regarding units. In EXFOR, ”keV” and ”MeV” are used as the units of E-LVL. There were some data where
the units were likely to have been mistaken during the data input to EXFOR.

As an example, Figure 1 shows the current EXFOR data of F1146.007.

Figure 1: EXFOR:F1146.007

In the current EXFOR, MeV is used as the unit for E-LVL values. It also describes 1.073 MeV, 1.081 MeV, 140.5 MeV, and 142.6
MeV as E-LVL values4.

Next, we checked the original paper for F1146.007. Figure 2 shows the data that F1146.007 referred to.

2In addition to the 412 data whose decision is ”Y”, the following two data are included. Data 20935.003 has the decision of ”?” and F1351.006 has the decision of
”Y?”.

322532.010 and 22532.020 has two errors, (REACTION and Number in Common) respectively.
4It is only the latter two energies that have been extracted in this program. 1.073 MeV and 1.081 MeV are not more than 5% far from the values in ENSDF.
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Figure 2: Data referenced in F1146.007

The E-LVL is described as 1073 keV, 1081 keV, 140.5 keV, and 142.6 keV, and ”keV” is used as the unit. Therefore, it is necessary
to revise the unit of EXFOR from MeV to keV. In addition, if the unit is changed to keV, it is necessary to change 1.073 and 1.081 in
Data to 1073 and 1081.

The above can be summarized as shown in Table 5.

Table 5: Fix of F1146.007
Item Current Modified
Unit MeV keV
Data 1.073 1073
Data 1.081 1081

3.2 Heading
The second is a correction regarding headings. There are various headings in EXFOR. However, it was found that some of the data
had the wrong heading. One of the mistakes in the heading is that the outgoing energy (”E”) should have been used, but ”E-LVL” is
used.

As an example, Figure 3 shows the current EXFOR data of O2158.008.
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Figure 3: EXFOR:O2158.008

In the current EXFOR, heading is ”E-LVL”.
Next, I checked the original paper for O2158.008. Figures 4 and 5 show the data that O2158.008 refers to.

Figure 4: Data referenced in O2158.008 (1)
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Figure 5: Data referenced in O2158.008 (2)

Here, we focus on the data where the E-LVL is 265 keV in EXFOR. In Figure 4, the arrows are written from the excitation energy
2368 keV to 2102 keV, indicating that the value of 265 keV is not E-LVL. In Figure 6, the value of Eγ is 265 keV, indicating that the
value of 265 keV is the observedγ-ray energy. Therefore, the heading of EXFOR needs to be changed to ”E” instead of ”E-LVL”.

Figure 5 shows the data registered in the LiveChart which is one of the interactive charts of ENSDF.

Figure 6: Livechart : Sr-85

In Sr-85, there was a transition with Eγ of 265 keV. This transition has an initial level of 2367 keV and a final level of 2102 keV,
which might correspond to the arrows shown in Figure 4.

The above can be summarized as shown in Table 6.

Table 6: Fix of O2158.008
Item Current Modified
Heading E-LVL E

There were other headings errors, such as data that reversed the incident energy EN with E-LVL.

3.3 Values in Data and Common sections
The third is the correction regarding values in Data and Common sections. Some E-LVL values of Date and Common sections in
EXFOR were different from those in the paper, and some E-LVL values for which only a level number (LVL-NUMB) was written in
the paper.

5



3.3.1 E-LVL values different from the values in the paper

There were some E-LVL values different from those in the paper.
As an example, Figure 7 shows the current EXFOR data of C0925.016.

Figure 7: EXFOR:C0925.016

The current EXFOR describes data with E-LVL of 0.0 MeV (Ground State) and 3.61 MeV.
Next, I checked the original paper for C0925.016. Figure 8 shows the data that C0925.016 refers to.

Figure 8: Data referenced in C0925.016
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Figure 8 shows the data for Ground State and 3.36 MeV cross sections, and the value of 3.61 was not found. The angles and cross
sections are consistent with the 3.36 MeV data in EXFOR. We can conclude that E-LVL=3.61 MeV described in the current EXFOR
is a typo for 3.36 MeV.

Figure 9 shows the data registered in ENSDF.

Figure 9: Livechart : C-10

There was a value of 3353 keV, which is close to the 3.36 MeV value described in Figure 8, but there was no value close to the
3.61 MeV value described in EXFOR.

The above results can be summarized as shown in Table 7.

Table 7: Fix of C0925.016
Item Current Modified
Data 3.61 3.36

3.3.2 LVL-NUMB

In the paper, only the number of the excited level (LVL-NUMB) was written, but in EXFOR, there existed data with the value of the
excitation energy (E-LVL).

As an example, Figure 10 shows the current EXFOR data of 21672.004.

Figure 10: EXFOR:21672.004

The current EXFOR describes data with E-LVL of 0.0 MeV and 1.071 MeV, 1.702 MeV, and 1.823 MeV.
Next, we checked the original paper for 21672.004. Figure 11 shows the data that 21672.004 refers to.
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Figure 11: Data referenced in 21672.004

The table does not contain any level energy values, only α0、α1、α2,3 using the level numbers. The specific values of the level
energies were not given elsewhere in the paper either. Therefore, we need to change the E-LVL value of EXFOR to the number of
the excited level. In that case, heading should also be modified to LVL-NUMB instead of E-LVL.

The above can be summarized in Table 8.

Table 8: Fix of 21672.004
Item Current Modified
Data 0.0000e+00 0
Data 1.0710e+00 1
Data 1.7020e+00 2
Data 1.8230e+00 3
Heading E-LVL LVL-NUMB

3.4 REACTION
The fourth is the modification of reactions. EXFOR contains data on various reactions of various nuclides. However, there were
some data that were highly likely to contain reactions other than those described in the paper. In the present program, E-LVL values
of residual nuclide or nuclide specified under EN-SEC is compared between EXFOR and ENSDF. Therefore, if the reaction between
the paper and EXFOR is different and the nuclide considered is different, the E-LVL values to be compared are also different.

As an example, figure 12 shows the current EXFOR data of R0015.008.
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Figure 12: EXFOR:R0015.008

EXFOR shows that the reaction is an inelastic scattering reaction of alpha particles and the residual nucleus is Zr-90.
Next, we checked the original paper of R0015.008. Figure 13 shows the data that R0015.008 referred to.

Figure 13: Data referenced in R0015.008

Unlike the REACTION registered in EXFOR, Figure 13 shows a (He-3,α) reaction data, and the residual nuclide is Zr-89.
Therefore, the E-LVL value was compared with Zr-90 by the program instead of Zr-89, and it was extracted as E-LVL values with
high possibility of error in this program.

Figures 14 and 15 show the data of Zr-89 and Zr-90 registered in ENSDF.
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Figure 14: Livechart : Zr-89

Figure 15: Livechart : Zr-90

Livechart shows presence of a level of 1.094 MeV, which is close to the E-LVL value registered in EXFOR, while Livechart does
not show such a level of ZR-90.

The above can be summarized as shown in Table 9.

Table 9: Fix of R0015.008
Item Current Modified
Reaction 40-ZR-90(A,INL)40-ZR-90 40-ZR-90(HE3,A)40-ZR-89

3.5 EN-SEC
It has already been explained that EXFOR contains data for various nuclides of various reactions. Various keywords are used in
EXFOR to record the data of each experiment. One of them is ”EN-SEC”, which indicates the nuclide which energy is considered.
There were some data that could be solved by implementing ”EN-SEC”.

As an example, Figure 16 shows the current EXFOR data of F0025.003.
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Figure 16: EXFOR:F0025.003

EXFOR describes the (p,α) reaction of Li-7. The residual nuclide is He-4.
Next, I checked the original paper of F0025.003. Figures 17, 18 and 19 show the data that F0025.003 refers to.

Figure 17: Data referenced in F0025.003 (1)

11



Figure 18: Data referenced in F0025.003 (2)

Figure 19: Data referenced in F0025.003 (3) (text on pp 602-603)

The experiment shows that the measurement was made in a reaction where Li-7 was bombarded with a proton to become Be-8
once, and then Be-8 split into two α. Thus, the paper describes a two-step reaction. Therefore, the problem can be solved by adding
a new entry (E-LVL,4-BE-8) in the EXFOR data.

Figures 20 and 21 show the data of He-4 and Be8 registered in ENSDF.
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Figure 20: Livechart : He-4

Figure 21: Livechart : Be-8

The authors assured two levels 7.56 and 13.91 MeV, but such levels are unknowns nowadays.
The above can be summarized in Table 10.

Table 10: Fix of F0025.003
Item Current Modified
EN-SEC E-LVL,4-BE-8

4 Statistics of errors
The following will be brief discussion on the statistics of errors.

4.1 Counting
To conduct the analysis, we organized the 933 data extracted by the program. First of all, for the data that needed to be modified, the
data with the ”Keyword” of ”Unit”, ”Heading”, ”REACTION”, and ”EN-SEC” were considered as one data if the subentries were
the same. We will explain why we did this process using O2445.013.

Figure 22 shows the current EXFOR data.
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Figure 22: EXFOR:O2445.013

In the current EXFOR, the unit is MeV. In this program, 37 suspicious E-LVL values are extracted except for 0.0 MeV (Ground
state). In this way, the program generates 37 error messages even though there is only one ”Unit” to be modified. We need to prevent
this kind of duplication.

If the subentries were the same but had multiple revisions, they were separated into different data. This was the case for
”22532.010” and ”22532.020”. Each of them requires two corrections, ”REACTION” and ”Common”.

In addition, we decided to analyze only data where our decision is ”Y” and ”N”. By doing this, the number of items became 665.

4.2 Result
After applying the above process, the histogram for each mass number is shown in Figure 23 on each 25 mass numbers.
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Figure 23: Histogram of items

In addition, Figure 24 shows fraction of the need for correction.

Figure 24: Fraction of error

For the data with mass number up to 75, the percentage of data that need to be corrected is relatively high. However, as explained
in the process section, it should be noted that there may be data for which the difference is less than 5% but for which correction is
necessary.

It may be possible to improve the results by trying to change the allowance of the data to be extracted as show in Table 11.

Table 11: Data regarding error range
Allowance Number of E-LVL values Number of items Number of errors Fraction of error (%)

5% 933 665 195 29.3
10% 691 470 164 34.9
20% 541 362 141 39.0
30% 489 315 119 37.8

Brooding the allowance reduces the amount of data extracted by the program. In addition, it increases the fraction of error, but
reduces the number of items which need to be corrected.
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