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Concept:
Now: EXFOR relational present EXFOR meta-data in tables accessible for SQL commands, 

but data points (numerical data) are stored as part of SUBENT in BLOB. In order to be 
used, numerical data need to be extracted from BLOB to EXFOR file, converted 
computational form (like C4/C5). So, our current EXFOR relational database 
requires a lot of additional software: EXFOR reader, parser, converter.

New: EXFOR relational database extended by tables with 
(a) data points in original EXFOR and (b) computational form, 
(c) monitor and decay data for automatic renormalization, 
(d) instructions for experts’ data modifications. 
So, the database allows to retrieve numeric data using only SQL commands (and even 
automatically renormalize data by SQL commands). 

Plan: to provide X4Pro (SQLite) database with simple demo programs-examples in Python, 
Fortran, [maybe JavaScript] implementing basic tasks: data search, retrieval, plotting, 
renormalization, users’ modifications.

Net result:
1. X4Pro: fully/truly relational EXFOR database (total size in SQLite: 7.1GiB)
2. SQL access to all meta-data and to all data points
3. Trivial multi-languages programming of data search/filter/sort/retrieval/renormalization

X4Pro concept



Translation from MariaDB to SQLite is done automatically by a bash script 
working ~4 hours and producing a single 7Gb file x4sqlite1.db with 7 new tables:

1. x4pro_ds 179, 372 rows 29Mb  datasets
2. x4pro_hdr 1,467,092 rows 123Mb headers
3. x4pro_x4data 18,974,844 rows 1.8Gb  EXFOR data points (json)
4. x4pro_x4cdat 18,974,844 rows 1.9Gb  EXFOR data points in basic units (json)
5. x4pro_c5dat 18,974,844 rows 1.2Gb  Computational data points (real) 

+ total sys/stat/partial errors
+ old and new monitor CS data

6. x4pro_autocorr     16,586 rows  10Mb decay data for product and monitor
7. x4pro_expertcorr           3 rows    3Kb experts’ corrections (Python)
Total: 7 additional tables, size: +5Gb

X4Pro implementation



Table x4pro_x4data

Using MySQL Query Browser



Using SQLite DB Browser



Table x4pro_c5dat



30581004  x4u:20090506  #1980,Zupranska #Pts:10 
#[0]#---Monitor xs-data
#[0]#Reaction: 25-MN-55(N,A)23-V-52,,SIG
#[0]#Monitor:  26-FE-56(N,P)25-MN-56,,SIG
#m0: {20377002,H.LISKIEN+,J,JNE/AB,19,73,196502} $ fe56np;#[0]#old monit-ref
m0: exfor$20377002_fe56np;     #[0]#old monitor(energy) in EXFOR
m1: recom$fe56np;              #[0]#new monitor(energy)
dy=dy/y;                       #[0]#to rel. uncertainties----
y=y/m0*m1;                     #[0]#renormalizing CS
dy=(dy**2-dm0**2+dm1**2)**0.5; #[0]#replace monitor uncertainties
dy=dy*y;                       #[0]#to abs. uncertainties

Table x4pro_c5dat



m0, dm0: “old monitor” – monitor‐reaction cross sections used by authors
Source of data:
1. DATA, COMMON sections: MONIT, MONIN‐ERR (EN, EN‐NRM)
2. MONIT‐REF pointing to another EXFOR data
3. MONIT‐REF pointing to ENDF library (e.g., ENDF/B‐5 Standards sub‐library)
4. MONIT‐REF pointing to “a publication” //‐‐> Archive of old Monitors

m0, m1: old and new monitor cross 
sections

m1, dm1: “new monitor” – monitor‐reaction cross sections “recommended” now
Source of data:
1. IAEA Standards‐2017
2. IRDFF‐II (2019)



def auto_corr_point(row):
y=row['y’] #initial value
y0=y
fc=row.get('FcNew’) #factor: m1/m0
if fc is None: return 0 #unchanged
y=y*fc; #correction exp. cs
row['y’]=y #store new value
dy=row.get('dy')
if (dy is None): return 1 #updated
if (y0!=0):

m0=row.get('m0’) #monitor: old cs
dm0=row.get('dm0')
m1=row.get('m1’) #monitor: new cs
dm1=row.get('dm1')
if (m0 is not None) and (dm0 is not None)and(m1 is not None)and(dm1 is not None):

dy=dy/y0 #to rel. uncertainties
dm0=dm0/m0
dm1=dm1/m1
if (dy>dm0):

dy=dy**2-dm0**2+dm1**2; #determination the quadrature of new total error
else:

dy=dy**2+dm1**2; #determination the quadrature of new total error
dy=dy**0.5*y; #determination the absolute value of new total error
row['dy']=dy #store new uncertainty

return 1 #updated

Automatic renormalization of data point



select x4data_cdat.DatasetID,REACODE.fullCode                   
,ENTRY.YearRef1,ENTRY.Author1Ini,ENTRY.Author1                 
,x4data_cdat.idat as iPoint
,x4data_cdat.y    as Sig                                       
,x4data_cdat.dy   as dSig
,x4data_cdat.x1   as En
,x4data_cdat.dx1  as dEn
,x4data_cdat.x2   as Eout
,x4data_cdat.dx2  as dEout
,x4data_cdat.x3   as An                                        
,x4data_cdat.dx3  as dAn
from x4data_cdat                                                
inner join REACODE on 
REACODE.ReacodeID=x4data_cdat.DatasetID  
inner join REACSTR on
REACSTR.ReacodeID=REACODE.ReacodeID
inner join SUBENT on REACODE.SubentID=SUBENT.SubentID
inner join ENTRY on ENTRY.EntryID=SUBENT.EntryID
where (REACSTR.Target like 'F-19')                        
and (REACSTR.Reaction like 'n,x')                       
and (REACSTR.Quant like 'DAE')                                
and (REACODE.outParticles like '[n]')                  
and (REACSTR.SF8='')                                          
and ((REACSTR.SF9='') or (REACSTR.SF9='EXP'))                 
and (REACODE.nReacstr=1)                                      
and (An>=25) and (An<=45)

order by REACODE.fullCode,                                      
ENTRY.YearRef1 desc,x4data_cdat.DatasetID                     
,En,An,Eout,x4data_cdat.idat

Using SQL Views

Using Tables only select * from dae1             
where Target like 'F-19’
and Reaction like 'n,x’
and outParticles like '[n]’
and (An>=25) and (An<=45)
order by fullCode,
YearRef1 desc,DatasetID,      
 En,An,Eout,iPoint

Using Views

select * from sig1 
where Target='Mn-55’
and MT=107

select * from sig1       
where Target='Mn-55’
and Reaction like 'n,a'

Example: SIG



Test cases, platforms and technologies
I. Retrieve experimental data from local X4Pro, evaluated data from Web 
ENDF retrieval system, and plot using Python3 with Plotly

1. Cross sections (MF3)
2. Angular distributions (MF4)
3. Emission spectra (MF5)
4. Double differential cross sections (MF6)

II. Retrieve data from local X4Pro using GFortran and GCC
1. Cross sections (MF3)
2. Double differential cross sections (MF6)

III. Data renormalization/modification on Python (+ENDF +Plotly)
1. Automatic renormalization
2. User’s modifications
3. Experts’ modifications (taken from database)
4. Ratios to cross sections recalculations

IV. Data retrievals from local X4Pro using javascript (+ENDF +Plotly)
1. Cross sections (MF3) with GUI/Html5
2. Retrievals from javascript under Node.js

Note. I, II, III, IV.1: on Windows (portable), Linux, MacOS
IV.2 tested on MacOS only

for evaluators

for fun

for old

for young

for SG50?



Cross sections from EXFOR (SIG)



sig0x.py

Source-code
exfor2plot.py

#Main code



Source-code (cont.)
dbConn.py rx4db.py



Angular distributions (DA)
using Plotly plotting package



Angular distributions (DA)
using Matplotlib plotting package



Plotly to Matplotlib: 
source‐code 
modifications

exfor2plot2.py

#Main code
change one line

New file:
The rest of main code
and other files remain 
the same



Fission-product yield from EXFOR (FY)
92‐U‐238(N,F)MASS,CHN,FY : Total chain yield of fission products



Example of “Native” EXFOR plotting (MASS-TKE)

X: MASS(NO‐DIM):Atomic mass of nuclide
Y: E(MEV):Energy of outgoing particle, lab. system
Z: MISC(NO‐DIM):Number of events detected

X4pro →Matplotlib:

EXFOR: #21095008
92‐U‐235(N,F)MASS,PR/FRG,NU/TKE
Mass-Energy distribution for both fission fragments

X4pro → Plotly:

Original publication:



Cross sections (SIG+MF3)



Angular distributions (DA+MF4)



Angular distributions (DA+MF4)



Emission spectra (DE+MF5)



Angular distribution (partial:DAP)



Double differential cross sections (MF6)



Double differential cross sections 
in Fortran



Cross sections (MF3) in Fortran



Automatic renormalization in Python



User’s modifications in Python



def fcorr_142710031(row): #2010,F.Tovesson
#Reaction: (94-PU-239(N,F),,SIG)/(92-U-235(N,F),,SIG)
ene=row['En']
if ene>13e6: 

print("___________fcorr_142710031:"+' En='+str(row['En']/1e6)+'MeV'+' -REJECTED-')
return -1 #data above 13 MeV rejected in Neutron Standard evaluation (2017)

row['En']=row['En']*1.2 #just as example
row['y']=row['y']*1.1 #just as example
#print("___________fcorr_142710031:"+' En='+str(row['En']/1e6)+'MeV'+' -ACCEPTED-')
return 1 #updated == accepted

User’s modifications in Python

def fcorr_41455005(row): #x4u:20170724 #2002,O.Shcherbakov
# REACTION   ((94-PU-239(N,F),,SIG)/(92-U-235(N,F),,SIG))
# MONITOR    ((94-PU-239(N,F),,SIG)/(92-U-235(N,F),,SIG))
# MONIT-REF  (,,3,JENDL-3.2,,1994)
# COMMENT    Of Authors.
#            The fission cross-section ratio normalization
#            has been done in the 1.75-4.0 MeV energy interval
#            using data of JENDL-3.2.
y=row['y']
dy=row['dy']
dy=dy/y; #convert abs. uncertainty in cs-ratio to rel. uncertainty
a0=1.535; #used ratio normalization factor (using data of JENDL-3.2), E:1.75-4.0 MeV
c0=1.668/100; #1.535 +-1.668% (this uncertainty is not included to error analysis)
a1=1.5393; #ratio normalization factor (using data of ENDF/B-VIII.0), E:1.75-4.0 MeV
c1=2.82/100; #1.5393 +-2.82% (uncertainty should be added)
fc=a0/a1; #total correction factor
y=y*fc; #correction exp. cs
dy=dy**2+c1**2; #calc. new quadrature of total uncertainty
dy=dy**0.5*y; #back to absolute uncertainty
print("___________fcorr_41455005:"+' En='+str(row['En'])

+' y0='+str(row['y'])+' y1='+str(round(y,5))+'
Fc='+str(round(fc,5))
+' dy0='+str(row['dy'])+' dy1='+str(round(dy,5)))

row['y']=y #save y
row['dy']=dy #save dy
return 1 #updated



Experts’ modifications in Python



Ratios to cross sections in Python



Cross section DATA from [,SIG] together with 
search/filter/calc.: 4π∙L(0) from [,DA,,LEG]



Retrieval on JavaScript with GUI/html5

Build your own Web interface
working on local PC



1. X4Pro: EXFOR relational database extended with 
a) EXFOR data points in original and computational form
b) data for renormalizing EXFOR data (monitor and decay data)
c) instructions for data corrections (Python text stored in DB‐cells)

2. Implemented in MariaDB and SQLite
3. Advantages of X4Pro

a) no need in original EXFOR: all info and data can be taken from the database
b) no need in EXFOR parsers on user side
c) no need for intermediate (JSON) files: application uses SQL SELECT 

commands to retrieve data and create objects within reading program
d) simple for programming on many languages using SQL for data search, 

filtering, sorting, retrieval, renormalization

4. Status and plans‐2022
a) now: preparing trial version for limited distribution (NDS+)
b) present on NRDC‐2022, propose for testing and feedback
c) present on ND‐2022
d) continue development
e) cooperate with SG50 (?)

Concluding remarks



1. Part‐1. Retrieve data from EXFOR: Python, Fortran
• Python. Retrieve data from X4Pro (SQLite, MariaDB) and plot using Plotly: 

1) CS, 2) DA, 3) DAP, 4) DE, 5) DAE, 6) FY
• Fortran/C. Retrieve data from X4Pro (SQLite): 

1) CS, 2) DAE

2. Part‐2. Retrieve data from EXFOR and ENDF: Python
• Retrieve local EXFOR and remote ENDF data (using API from Web in JSON): 

1) CS, 2,3) DA, 3) DAP, 4) DE, 5) DAE

3. Part‐3. EXFOR data modification: Python
1) Retrieve cross sections from X4Pro; automatically renormalize data using old monitor and new 

standard data
2) Retrieve cross sections ratios from X4Pro; correct data using user's algorithms
3) Retrieve cross sections from X4Pro; apply experts corrections from the database
4) Retrieve cross sections from X4Pro; automatically renormalize data and uncertainties using 

old/new monitor data
5) Retrieve cross sections ratios from EXFOR database, calculate cross section data and 

uncertainties using latest standards

4. Part‐4. Personal EXFOR‐ENDF retrieval system: Html+Javascript
Currently no plans for distribution

Preparing trial distribution



For discussion

NRDC policy for off-line EXFOR data distribution
1. Version of Master file (date + web-link to source)
2. Acknowledgment database source: NRDC, version of dictionaries if used
3. Licence type (?)
4. Authorized (trusted) distributors – list on NRDC site
5. etc.

NRDC support for X4Pro
1. Trial version for testing
2. Potential users (Python): 

a) Useful subject for EXFOR Workshop (NRDC interested?)
b) Useful for students (?): Vladimir, Olena, Sophia

3. Distribution parts: 1 or 1 + 2 or all 3 in one package?
4. Licence type: needed? Or just mention: working materials

Reminder. https://www-nds.iaea.org/nrdc/ 
NRDC objective: The primary goal of the Network is the dissemination of nuclear reaction data 
and associated documentation to users.



Thank you.

Citing of the materials of this presentation should be done with proper acknowledgement of the IAEA and author


