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Note: The actual output of the SQL query may depend on the version of the X4Pro database.  The 
outputs on my slides are based on X4Pro/SQLite database ver.2011-11-28 distributed from the NDS 
website.
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Web Retrieval and X4Pro Retrieval
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Web Retrieval and X4Pro Retrieval

I daily use it for EXFOR management:
• check presence of a dataset
• access to publisher’s website
• check duplication
• plot data together with ENDFs
etc.
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NDS EXFOR web retrieval system

X4Pro with SQL commands
I start to use this new option when I 
want to generate a machine readable 
table  of data points, references etc.
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Download and Browse X4Pro Database
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How to Obtain X4Pro Database (DB) File
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Download Nuclear Data Packages (https://nds.iaea.org/cdroms/)

The zipped file include a database (db) file (e.g., x4sqlite1.db).
N.B. This is a trial version and covers a part of EXFOR Master File.
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Browsing X4Pro DB File
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We can open and browse the X4Pro db file by “DB Browser for 
SQLite” - Freely available from https://sqlitebrowser.org/ for 
Windows, Mac, Linux, …) 

Database structure 
(List of tables and 
table columns) 
visualized on “DB 
Browser for SQLite”
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Execution of SQL Sentence - (1) DB Browser
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SQL sentence (input)

Output

¡Suggestion! Copy & paste the SQL sentences of my slides in the input field, then click ▶. 
You can easily get the output from X4Pro db!
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Introduction to SQL
- SQL Commands & Tables –
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Execution of SQL Sentence – (2) Command Mode
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[ohtsuka@nds121] sqlite3 x4pro.db
SQLite version 3.31.1 2020-01-27 19:55:54
Enter ".help" for usage hints.
sqlite> SELECT Entry, FullName FROM AUTHORS WHERE Author = 
'Oblozinsky';
30157|P. Oblozinsky
30183|P. Oblozinsky
30286|P. Oblozinsky
30443|P. Oblozinsky
30571|P. Oblozinsky
…

A good solution for batch processing (e.g., Retrieve EXFOR entries having all former 
centre heads: Oblozinsky, Nichols, Hasegawa, Herman, Forrest,  …) 
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Example of Tables Generated from X4Pro

1. Listing of full name under AUTHOR where the family name is Schwerer

Request 
SELECT Entry, FullName FROM AUTHORS WHERE Author = 'Schwerer';
Output 
20811|O.Schwerer
20670|O.Schwerer

2. Listing of REACTION string where SF3 is N+P and SF6 is SIG
Request 
SELECT ReacstrID, Code FROM REACSTR WHERE SF3 = 'N+P' AND SF6='SIG';

Output 
101450221|44-RU-96(N,N+P)43-TC-95-M,,SIG
101450231|44-RU-96(N,N+P)43-TC-95-G,,SIG
102140262|44-RU-102(N,N+P)43-TC-101,,SIG
…

2022-12-13N.Otsuka: Vienna EXFOR Workshop 11



International Atomic Energy Agency

Example of Tables Generated from X4Pro (Cont)

3. Listing of 16O(n,α)13C cross section (SF1=8-O-16,SF2=N,SF3=A,SF6=SIG) data points

Request (a long but still single SQL sentence) 
SELECT

x4pro_ds.reacode
,hdr_x.hdr, hdr_x.units, json_extract(x4.xdat,'$.'||hdr_x.hdr)
,hdr_y.hdr, hdr_y.units, json_extract(x4.xdat,'$.'||hdr_y.hdr)
,x4pro_ds.DatasetID

FROM
x4pro_ds
INNER JOIN x4pro_x4data AS x4     ON x4pro_ds.DatasetID = x4.DatasetID
INNER JOIN x4pro_hdr    AS hdr_x ON x4pro_ds.DatasetID = hdr_x.DatasetID AND hdr_x.hdr ='EN'
INNER JOIN x4pro_hdr    AS hdr_y ON x4pro_ds.DatasetID = hdr_y.DatasetID AND hdr_y.hdr ='DATA'
INNER JOIN REACSTR                ON x4pro_ds.DatasetID = REACSTR.ReacodeID

WHERE
REACSTR.SF1       = '8-O-16'
AND REACSTR.SF2   = 'N'
AND REACSTR.SF3   = 'A'
AND REACSTR.SF5   = ''
AND REACSTR.SF6   = 'SIG'
AND REACSTR.SF7   = ''
AND REACSTR.SF8   = ''
AND REACSTR.SF9   = '';
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Example of Table Generated from X4Pro (Cont)

3. Listing of 16O(n,α)13C cross section (SF1=8-O-16,SF2=N,SF3=A,SF6=SIG) data points

Output 
…
8-O-16(N,A)6-C-13,,SIG|EN|MEV|4.17|DATA|MB|108.0|21072002
8-O-16(N,A)6-C-13,,SIG|EN|MEV|4.22|DATA|MB|137.0|21072002
8-O-16(N,A)6-C-13,,SIG|EN|MEV|14.8|DATA|MB|328.0|21343010
8-O-16(N,A)6-C-13,,SIG|EN|MEV|12.3|DATA|MB|180.0|21343012
8-O-16(N,A)6-C-13,,SIG|EN|MEV|13.0|DATA|MB|150.0|21343012
8-O-16(N,A)6-C-13,,SIG|EN|MEV|14.1|DATA|MB|295.0|21343012
8-O-16(N,A)6-C-13,,SIG|EN|MEV|16.0|DATA|MB|360.0|21343012
8-O-16(N,A)6-C-13,,SIG|EN|MEV|16.9|DATA|MB|345.0|21343012
8-O-16(N,A)6-C-13,,SIG|EN|MEV|18.0|DATA|MB|240.0|21343012
8-O-16(N,A)6-C-13,,SIG|EN|MEV|19.5|DATA|MB|215.0|21343012
8-O-16(N,A)6-C-13,,SIG|EN|MEV|14.9|DATA|MB|250.0|21461002
8-O-16(N,A)6-C-13,,SIG|EN|MEV|7.136|DATA|MB|86.1|21474003
…
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Convenient for further processing by computer programs
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Tables in X4Pro DB
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Table Columns
AUTHORS Entry, Author, FullName, …
ENTRY Entry, Author1Ini, Author1, Reference1, YearRef1, …
KEYWORD SubentID, Pointer, Code, FreeText, …
REACSTR SubentID, Pointer, ReacodeID, SF1, SF2, … 
REFERS Entry, Reference, DOI, AuthorList, Title, DateRef, …
x4pro_hdr DatasetID, hdr, units, …
X4pro_x4data DatasetID, idat, xdata

X4Pro DB is a collection of tables (and indices).

Example of tables

Note: DatasetID (=ReaccodeID) is the combination of SubentID and
Pointer. e.g., “10001004” (=10001.004), “100010051” (=10001.005.1)
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Examples of Table Structure
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… Entry … Author FullName

… 10002 … Block R.C.Block

… 10001 … Hockenbury R.W.Hockenbury

… … … … …

Table: AUTHORS

Table: REACSTR

… ReacodeID … SF1 SF2 SF3 SF4 SF5 SF6 …

… 10001002 … 13-AL-27 N G 13-AL-28 SIG …

… 10001003 … 26-FE-0 N G SIG …

… … … … …
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Introduction to SQL
- Simple X4Pro retrievals –
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SQL Sentence

Basic structure of a SQL sentence
SELECT X FROM Y WHERE Z;

X= Names of table columns for printing
Y= Names of tables
Z= Condition

A SQL sentence is terminated by a semicolon (;). Line break is allowed within a sentence.

Example – Extraction from the table AUTHORS
SELECT Entry, FullName FROM AUTHORS WHERE Author = 'Schwerer';

Print “Entry” and “FullName” columns of the table AUTHORS for the lines having 
“Schwerer” as the Author.
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Retrieval with SQL Sentence

Example 1: Extraction from the table AUTHORS (Schwerer is an author.)
SELECT Entry, FullName FROM AUTHORS WHERE Author = 'Schwerer';
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… Entry … Author FullName

… … … … …

… 20811 … Winker-Rohatsch M.Winkler-Rohatsch

… 20811 … Schwerer O.Schwerer

… … … … …

… 20670 … Warhanek H.Warhanek

… 20670 … Schwerer O.Schwerer

… 20670 … Winkler G.Winkler

… … … … …

This SQL sentence prints the following Entry and FullName:
20811 O.Schwerer
20670 O.Schwerer
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Retrieval with SQL Sentence (Cont)

Example 2: Extraction from the table KEYWORD (A reactor at KAERI was used.)
SELECT Entry, FreeText FROM KEYWORD
WHERE KeyWord = 'FACILITY' and Code = 'REAC,3KORKAE';
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… Entry … KeyWord Code … FreeText

… … … … … … …

… 30829 … REFERENCE J,KPS,59,1932,2011 … …

… 30829 … FACILITY REAC,3KORKAE … BNCT Facility of …

… 30829 … INC-SOURCE THCOL … Thermal neutron …

… … … … … … …

This SQL sentence prints the following Entry and FreeText:
30829 BNCT facility of HANARO research reactor
31570 HANARO
31596 HANARO facility
30839 BNCT port of HANARO reactor
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Retrieval with SQL Sentence (Cont)

Example 3: Extraction from the table x4pro_hdr (Quantity measured in femtbarn)
SELECT DatasetID FROM x4pro_hdr WHERE hdr = 'DATA' and units = 'FB';
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DatasetID … hdr … units …

… … … … …

C2133002 … EN EV …

C2133003 … DATA FB …

C2133003 … DATA-ERR … FB …

… … … … … …

This SQL sentence prints the following DatasetID:
C2133003
E1920002
E2055002
E2388002
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Search with Two Tables

Example: Datasets coded with REACTION SF3=ABS and heading=DATA-CM
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ReacodeID … SF3 …

… … … …

C0212007 P+A …

C0212008 … 2A …

C0212009 … ABS …

… … … …

Table: REACSTR Table: x4pro_hdr
DatasetID … hdr …

… … … …

C0212008 … EN …

C0212009 … DATA-CM …

C0212009 … DATA-ERR …

C0212009 … EN-CM …

… … … …
This search condition can be expressed by 
…
WHERE  REACSTR.SF3   = 'ABS'

and x4pro_hdr.hdr = 'DATA-CM'
and REACSTR.ReacodeID = x4pro_hdr.DatasetID
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Search with Two Tables (Cont)

Example: Datasets coded with REACTION SF3=ABS and heading=DATA-CM (Cont)
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SELECT REACSTR.ReacodeID, REACSTR.Code
FROM REACSTR, x4pro_hdr
WHERE 

REACSTR.SF3       = 'ABS' 
AND x4pro_hdr.hdr     = 'DATA-CM'
AND REACSTR.ReacodeID =  x4pro_hdr.DatasetID

This SQL sentence prints the following ReacodeID (of table “REACSTR”)
and Code (of table “REACSTR”):

C0212009 8-O-16(8-O-16,ABS),,SIG
C0212010 8-O-16(8-O-16,ABS),,SIG

(Use of DATA-CM looks questionable. Probably DATA-CM must be DATA…)
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Search with Two Codes in Same Table Column

Example: Entries with both “Semkova” and “Koning” as authors
(Cannot do it on typical  web retrieval systems!)
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Table: AUTHORS

… Entry … Author …

… … …

… 22877 … Koning …

… 22877 … Tornin …

… 22877 … Capote …

… 22877 … Semkova …

… 22878 … Zmeskal …

… … … … …

… Entry … Author …

… … …

… 22877 … Koning …

… 22877 … Tornin …

… 22877 … Capote …

… 22877 … Semkova …

… 22878 … Zmeskal …

… … … … …

Table: AUTHORS1 (copied from AUTHORS)
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Search with Two Codes in Same Table Column (Cont)

Example: Entries coded with both “Semkova” and “Koning” under AUTHOR (Cont)
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Table: AUTHORS (original)

… Entry … Author …

… … …

… 22877 … Koning …

… 22877 … Tornin …

… … … … …

… Entry … Author …

… … …

… 22877 … Semkova …

… 22878 … Zmeskal …

… … … … …

Table: AUTHORS1 (an alias of AUTHOR)

Original table (AUTHORS) can be joined with itsself (AUTHORS1) based on the Entry 
by 
…
FROM AUTHORS
INNER JOIN AUTHORS as AUTHORS1 on AUTHORS.Entry = AUTHORS1.Entry
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Search with Two Codes in Same Table Column (Cont)

Example: Entries coded with both “Semkova” and “Koning” under AUTHOR (Cont)
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SELECT AUTHORS.Entry, AUTHORS.iYear
FROM AUTHORS
INNER JOIN AUTHORS as AUTHORS1 on AUTHORS.Entry = AUTHORS1.Entry
WHERE

AUTHORS.Author = 'Semkova'
AND AUTHORS1.Author = 'Koning';

This SQL sentence prints the following Entry (of table AUTHORS) and
iYear (of table AUTHORS):

22877 2007
22820 2004
22822 2010
22680 2009
22822 2004
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x4pro_x4data: Data points in JSON
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DatasetID idat xdat

10001002 1 {"DATA":25.0,"EN":1.426e+5}

10001002 2 {"DATA":25.0,"EN":1.426e+5}

… … …

Table: x4pro_x4data
EN         DATA
EV         NO-DIM
0.1426E+06   25.
0.1403E+06   30.
...

JSON

Example: Data points of 10001.002 where Einc > 130 keV

SELECT json_extract(xdat,'$.EN') as EN,
json_extract(xdat,'$.DATA')

FROM   x4pro_x4data 
WHERE

DatasetID=10001002
AND EN >1.3E+05;
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x4pro_x4data: Data points in JSON (Cont)
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Example: Data points of 10001.002 where Einc > 130 keV (Cont)

SELECT json_extract(xdat,'$.EN') as EN,
json_extract(xdat,'$.DATA') as DATA

FROM   x4pro_x4data 
WHERE

DatasetID=10001002
AND EN >1.3E+05;

This SQL sentence prints the following EN and DATA values in the column xdat
in the table x4pro_x4data:
142600.0 25.0
140300.0 30.0
138100.0 26.0
135800.0 28.0
133700.0 29.0
131600.0 21.0

We can use values under any heading as a search condition (Cannot be done 
on the current web retrieval system!)
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Realistic Samples of X4Pro Retrieval 
and Tabulation
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Generation of Reference List 

Task: Create a reference list for citation of data taken from 898 EXFOR entries for 
inclusion in a LaTeX manuscript.

/1/ Execute the following SQL sentence for 898 EXFOR entries (XXXX=10088, …, T0297)

SELECT DISTINCT
Entry, Reference, AuthorsList, Title
FROM REFERS
WHERE 
Entry=10088 /* 10888 is a variable of the SQL loop */
AND
iReference=1 /* First code string under REFERENCE*/

(and do it for other Entry numbers. We need an external script writing and executing this 
SQL sentence in a language.)
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Generation of Reference List (Cont) 

SELECT DISTINCT
Entry, Reference, AuthorsList, Title
FROM REFERS
WHERE 
Entry=10888 /* 10888 is a variable of the SQL loop */
AND
iReference=1 /* First code string under REFERENCE*/

This SQL sentence prints the following values extracted from table REFERS:

10088|J,PR/C,1,1233,1970|L.Husain,A.Bari,P.K.Kuroda|Neutron Activation …
10145|J,PR/C,1,358,1970|W.D.Lu, N.Ranakumar, R.W.Fink|Activation Cross …
10157|J,PR/C,3,629,197102|P.Venugopala Rao,R.E.Wood,J.M.Palms,R.W.Fink|Neutron. 
10214|R,BRL-R-1491,1970|J.K.Temperley,D.E.Barnes|Neutron Activation …
10244|J,NP/A,180,157,1972|A.K.Hankla,R.W.Fink,J.H.Hamilton|Neutron …
….
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Generation of Reference List (Cont)

/2/ Conversion of SQL print out to BibTeX by an additional script (in any language)

10088|J,PR/C,1,1233,1970|L.Husain,A.Bari,P.K.Kuroda|Neutron Activation …
…
→
@article{10088,
author      ={Husain, L. and Bari, A. and Kuroda, P.K.},
title       ={Neutron Activation Cross Sections at 14.8 MeV for …
journal     ={Phys.Rev. C},
year        ={1970},
volume      ={1},
number      ={},
pages       ={1233}

}

Note: Dictionary 5 (Journal)  is used for conversion of a code (e.g., PR/C → Phys.Rev.C).
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Generation of Reference List (Cont)

/3/ Run BibTeX and LaTeX for typesetting (The title is removed by the style file chosen.)
→
@article{10088,
author      ={Husain, L. and Bari, A. and Kuroda, P.K.},
title       ={Neutron Activation Cross Sections at 14.8 MeV for …
journal     ={Phys.Rev. C},
year        ={1970},
volume      ={1},
number      ={},
pages       ={1233}

}
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Attention! This procedure is correct when
1. the primary reference is appropriate for citation of the data used.
2. TITLE and AUTHOR are the title and author of the primary reference. 
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Generation of 0th Legendre Coefficient Table

Task: Extraction of 0th Legendre coefficients for neutron elastic scattering

/1/ Execute the following SQL sentence (x4pro_ds: a table for datasets)
1st part of the SQL sentence (SELECT)
SELECT 
x4pro_ds.reacode
,hdr_x.hdr, hdr_x.units, json_extract(x4pro_x4data.xdat,'$.'||hdr_x.hdr)
,hdr_y.hdr, hdr_y.units, json_extract(x4pro_x4data.xdat,'$.'||hdr_y.hdr)
,x4pro_ds.DatasetID

This means to print 
• REACTION  code (reacode of table x4pro_ds),
• Heading and unit (hdr and units of table hdr_x which is an alias of x4pro_hdr, 
• Values of table xdat given with heading hdr_x.hdr
• [Two similar lines for y]
• subentry #+pointer (DatasetID of table x4pro_ds)

2022-12-13N.Otsuka: Vienna EXFOR Workshop 33



International Atomic Energy Agency

Generation of 0th Legendre Coefficient Table 
(Cont)

/1/ Execute the following SQL sentence (cont)
2nd part of the SQL sentence (FROM)
FROM x4pro_ds
INNER JOIN x4pro_x4data            ON x4pro_ds.DatasetID = x4pro_x4data.DatasetID
INNER JOIN x4pro_hdr    AS hdr_x ON x4pro_ds.DatasetID = hdr_x.DatasetID

AND hdr_x.hdr ='EN'
INNER JOIN x4pro_hdr    AS hdr_y ON x4pro_ds.DatasetID = hdr_y.DatasetID

AND hdr_y.hdr ='DATA'
INNER JOIN REACSTR                 ON x4pro_ds.DatasetID = REACSTR.ReacodeID

This means extraction lines from tables
• x4pro_ds
• x4pro_x4data, linked to the table x4pro_ds by DatasetID
• hdr_x (an alias of x4pro_hdr), linked to x4pro_ds by DatasetID if hdr = ‘EN’
• [similar line for y]
• REACSTR, linked to the table x4pro_ds by DatasetID/ReacodeID.
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Generation of 0th Legendre Coefficient Table 
(Cont)

/1/ Execute the following SQL sentence (cont)
3rd part of the SQL sentence (WHERE)
WHERE  REACSTR.SF2   = 'N'

AND  REACSTR.SF3   = 'EL'
AND  REACSTR.SF5   = ''
AND  REACSTR.SF6   = 'DA'
AND  REACSTR.SF7   = ''
AND (REACSTR.SF8   = 'LEG' OR

REACSTR.SF8 = 'LEG/AV')
AND (REACSTR.SF9   = '' OR 

REACSTR.SF9 = 'EXP')
AND (json_extract(x4pro_x4data.xdat,'$.NUMBER')=0 OR

json_extract(x4pro_x4data.xdat,'$.NUMBER-CM')=0);

This sets the following conditions:
• SF2 of table REACSTR must be N in table REACSTR
• [Similar lines for SF3 to SF9]
• NUMBER=0 or NUMBER-CM=0 in table x4pro_x4data.
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Generation of 0th Legendre Coefficient Table 
(Cont)

/1/ Execute the following SQL sentence (cont)
Full SQL sentence (SELECT+FROM+WHERE)
SELECT 
x4pro_ds.reacode
,hdr_x.hdr, hdr_x.units, json_extract(x4pro_x4data.xdat,'$.'||hdr_x.hdr)
,hdr_y.hdr, hdr_y.units, json_extract(x4pro_x4data.xdat,'$.'||hdr_y.hdr)
,x4pro_ds.DatasetID
FROM x4pro_ds
INNER JOIN x4pro_x4data            ON x4pro_ds.DatasetID = x4pro_x4data.DatasetID
INNER JOIN x4pro_hdr    AS hdr_x ON x4pro_ds.DatasetID = hdr_x.DatasetID

AND hdr_x.hdr ='EN'
INNER JOIN x4pro_hdr    AS hdr_y ON x4pro_ds.DatasetID = hdr_y.DatasetID

AND hdr_y.hdr ='DATA'
INNER JOIN REACSTR                 ON x4pro_ds.DatasetID = REACSTR.ReacodeID
WHERE  REACSTR.SF2   = 'N'
AND  REACSTR.SF3   = 'EL'
AND  REACSTR.SF5   = ''
AND  REACSTR.SF6   = 'DA'
AND  REACSTR.SF7   = ''
AND (REACSTR.SF8   = 'LEG' OR

REACSTR.SF8 = 'LEG/AV')
AND (REACSTR.SF9   = '' OR 

REACSTR.SF9 = 'EXP')
AND (json_extract(x4pro_x4data.xdat,'$.NUMBER')=0 OR

json_extract(x4pro_x4data.xdat,'$.NUMBER-CM')=0);
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Generation of 0th Legendre Coefficient Table 
(Cont)

/1/ Execute the following SQL sentence (cont)
Full SQL sentence (SELECT+FROM+WHERE)
SELECT 
x4pro_ds.reacode
,hdr_x.hdr, hdr_x.units, json_extract(x4pro_x4data.xdat,'$.'||hdr_x.hdr)
,hdr_y.hdr, hdr_y.units, json_extract(x4pro_x4data.xdat,'$.'||hdr_y.hdr)
,x4pro_ds.DatasetID
…
AND (json_extract(x4pro_x4data.xdat,'$.NUMBER')=0 OR

json_extract(x4pro_x4data.xdat,'$.NUMBER-CM')=0);

This SQL sentence prints the following lines extracted from tables x4pro_ds, x4pro_hdr 
and x4pro_x4dat:

5-B-11(N,EL)5-B-11,,DA,,LEG EN MEV 0.075 DATA B/SR 0.354 10093139
5-B-11(N,EL)5-B-11,,DA,,LEG EN MEV 0.1 DATA B/SR 0.352 10093139
5-B-11(N,EL)5-B-11,,DA,,LEG EN MEV 0.125 DATA B/SR 0.347 10093139
5-B-11(N,EL)5-B-11,,DA,,LEG EN MEV 0.15 DATA B/SR 0.337 10093139
5-B-11(N,EL)5-B-11,,DA,,LEG EN MEV 0.175 DATA B/SR 0.326 10093139
5-B-11(N,EL)5-B-11,,DA,,LEG EN MEV 0.2 DATA B/SR 0.312 10093139
...
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Generation of 0th Legendre Coefficient Table 
(Cont)

/2/ Conversion of SQL print out to more convenient format by a script (in any language)

5-B-11(N,EL)5-B-11,,DA,,LEG EN MEV 0.075 DATA B/SR 0.354 10093139
5-B-11(N,EL)5-B-11,,DA,,LEG EN MEV 0.1 DATA B/SR 0.352 10093139
5-B-11(N,EL)5-B-11,,DA,,LEG EN MEV 0.125 DATA B/SR 0.347 10093139
5-B-11(N,EL)5-B-11,,DA,,LEG EN MEV 0.15 DATA B/SR 0.337 10093139
5-B-11(N,EL)5-B-11,,DA,,LEG EN MEV 0.175 DATA B/SR 0.326 10093139
5-B-11(N,EL)5-B-11,,DA,,LEG EN MEV 0.2 DATA B/SR 0.312 10093139
...
→
#DATASET    10093139
#REACTION   5-B-11(N,EL)5-B-11,,DA,,LEG
#           !! 0th order Legendre coefficients multiplied by 4pi during conversion to C4!!
# Prj Targ M MF MT PXC  Energy  Data     EntrySubP
#---><---->o<-><-->ooo<-------><-------> <---><->o

1  5011   3   2    7.5000+4 4.4485+0 10093139
1  5011   3   2    1.0000+5 4.4234+0 10093139
1  5011   3   2    1.2500+5 4.3605+0 10093139
1  5011   3   2    1.5000+5 4.2349+0 10093139
1  5011   3   2    1.7500+5 4.0966+0 10093139
1  5011   3   2    2.0000+5 3.9207+0 10093139

…
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Example of conversion to C4 style.



International Atomic Energy Agency

LEFT JOIN

The following part of the SQL sentence for 0th Legendre coefficients is for extraction of 
EXFOR data lines with EN as a heading and set the value as hdr_x:

FROM x4pro_ds
…
INNER JOIN x4pro_hdr    AS hdr_x ON x4pro_ds.DatasetID = hdr_x.DatasetID

AND hdr_x.hdr ='EN'

A extension of this sentence with LEFT JOIN allows extraction of EXFOR data lines with EN, 
EN-MIN or EN-MAX and set their values as hdr_x1, hdr_x2 or hdr_x3:

INNER JOIN x4pro_hdr AS hdr_x ON x4pro_ds.DatasetID   = hdr_x.DatasetID
AND (hdr_x.hdr='EN' or hdr_x.hdr='EN-MIN' or hdr_x.hdr='EN-MAX')

LEFT JOIN x4pro_hdr AS hdr_x1  ON x4pro_ds.DatasetID   = hdr_x1.DatasetID  
AND hdr_x1.hdr ='EN'

LEFT JOIN x4pro_hdr AS hdr_x2  ON x4pro_ds.DatasetID   = hdr_x2.DatasetID
AND hdr_x2.hdr ='EN-MIN'

LEFT JOIN x4pro_hdr AS hdr_x3  ON x4pro_ds.DatasetID   = hdr_x3.DatasetID
AND hdr_x3.hdr ='EN-MAX’
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LEFT JOIN (cont)

Then the previous SQL sentence for extraction of 0th Legendre coefficients can be 
extended to

SELECT 
x4pro_ds.reacode
,hdr_x1.hdr, hdr_x1.units, json_extract(x4pro_x4data.xdat,'$.'||hdr_x1.hdr)
,hdr_x2.hdr, hdr_x2.units, json_extract(x4pro_x4data.xdat,'$.'||hdr_x2.hdr)
,hdr_x3.hdr, hdr_x3.units, json_extract(x4pro_x4data.xdat,'$.'||hdr_x3.hdr)
,hdr_y.hdr, hdr_y.units, json_extract(x4pro_x4data.xdat,'$.'||hdr_y.hdr)
,x4pro_ds.DatasetID
…
FROM x4pro_ds
INNER JOIN x4pro_x4data         ON x4pro_ds.DatasetID = x4pro_x4data.DatasetID
INNER JOIN x4pro_hdr AS hdr_x ON x4pro_ds.DatasetID   = hdr_x.DatasetID

AND (hdr_x.hdr='EN' or hdr_x.hdr='EN-MIN' or hdr_x.hdr='EN-MAX')
LEFT JOIN x4pro_hdr AS hdr_x1  ON x4pro_ds.DatasetID   = hdr_x1.DatasetID  

AND hdr_x1.hdr ='EN'
LEFT JOIN x4pro_hdr AS hdr_x2  ON x4pro_ds.DatasetID   = hdr_x2.DatasetID

AND hdr_x2.hdr ='EN-MIN'
LEFT JOIN x4pro_hdr AS hdr_x3  ON x4pro_ds.DatasetID   = hdr_x3.DatasetID

AND hdr_x3.hdr ='EN-MAX'
INNER JOIN x4pro_hdr AS hdr_y ON x4pro_ds.DatasetID = hdr_y.DatasetID

AND hdr_y.hdr ='DATA'
… 2022-12-13N.Otsuka: Vienna EXFOR Workshop 40
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LEFT JOIN (cont)

The SQL sentence for 0th Legendre coefficients extraction extended with LEFT JOIN gives 
the following SQL output:

…
… EN MEV 1.5 DATA B/SR 0.332 40179022
… EN MEV 1.5 DATA B/SR 0.362 40179025
… EN-MIN MEV 0.4 EN-MAX MEV 0.85 DATA MB/SR 3.814 40738003
… EN KEV 55.0 DATA MB/SR 1026.0 40924013
… EN KEV 144.0 DATA MB/SR 841.0 40924016
…

I would convert this red line to the following line similar to C4 for further processing:

# Prj Targ M MF MT PXC  Energy  dEnergy Data      dData EntrySubP
#---><---->o<-><-->ooo<-------><-------><-------><-------> <---><->o

1 26000   3   2    6.2500+5 2.2500+5 4.7928-2 4.9009-4 40738  3

(N.B. 6.25E+5=(0.85+0.4)/2*1E+06, 2.25E+05=(0.85-0.4)/2*1E+06)
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Trouble due to Repetition of Same Heading

SQL sentence for extraction of EN, DATA and ERR-T  from 20338.013:
(Note this dataset is NOT included in the X4Pro database Ver. 2022-11-28 released from the NDS website.) 

SELECT hdr_x.hdr,  hdr_x.units,  json_extract(x4pro_x4data.xdat,'$.'||hdr_x.hdr)
,hdr_y.hdr,  hdr_y.units,  json_extract(x4pro_x4data.xdat,'$.'||hdr_y.hdr)
,hdr_dy.hdr, hdr_dy.units, json_extract(x4pro_x4data.xdat,'$.'||hdr_dy.hdr)
,x4pro_ds.DatasetID

FROM x4pro_ds
INNER JOIN REACSTR             ON REACSTR.ReacodeID = x4pro_ds.DatasetID
INNER JOIN x4pro_x4data        ON x4pro_x4data.DatasetID = x4pro_ds.DatasetID
INNER JOIN x4pro_hdr           ON x4pro_hdr.DatasetID    = x4pro_ds.DatasetID
INNER JOIN REACODE             ON REACODE.ReacodeID = x4pro_ds.DatasetID
INNER JOIN SUBENT              ON REACODE.SubentID = SUBENT.SubentID
INNER JOIN x4pro_hdr as hdr_x ON REACODE.ReacodeID = hdr_x.DatasetID AND hdr_x.hdr ='EN'
INNER JOIN x4pro_hdr as hdr_y ON REACODE.ReacodeID = hdr_y.DatasetID AND hdr_y.hdr ='DATA'
INNER JOIN x4pro_hdr as hdr_dy ON REACODE.ReacodeID = hdr_dy.DatasetID AND hdr_dy.hdr='ERR-T'

WHERE REACODE.ReacodeID = '20338013'
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Trouble due to Repetition of Same Heading (Cont)

Extraction of EN, DATA and ERR-T  from 20338.013 by SQL

EN MEV 13.41 DATA B -0.0017 ERR-T PER-CENT 25.4 20338013
EN MEV 13.41 DATA B -0.0017 ERR-T B 25.4 20338013
…

Namely the first and second data points have the same EN and DATA but differentiated by 
ERR-T=25.4% and 25.4 b. How do they appear?

SUBENT        20338013   20080829   
BIB                  7         23
REACTION   (42-MO-92(N,A)40-ZR-89-M,,SIG)
…
COMMON               8          6
ERR-T      …
PER-CENT   …
25.4       
ENDCOMMON            6
DATA                 5         21
EN         +EN-RSL    -EN-RSL    DATA       ERR-T
MEV        MEV MEV B          B
1.3410E+01 1.7000E-01 2.1000E-01-1.7000E-03 1.6000E-03
1.3510E+01 1.4000E-01 1.8000E-01 4.8000E-03 9.0000E-04

…

25.4% was wrongly printed as 25.4b for all data points!
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Repetition of ERR-T (Illegal)

SQL prints                 ×
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Trouble due to Repetition of Same Heading 
(Cont)
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The σm and σg plots with extremely long error bars plotted by Alberto Rodrigo
due to coding of ERR-T twice (% in COMMON section and barn in DATA
section).
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Trouble due to Repetition of Same Heading (Cont)

• Summary of illegal 
duplicating headings is 
generated for every EXFOR 
database update by Viktor.

• EXFOR Formats Manual say 
“No field heading (data 
heading plus, perhaps, a 
pointer) may be repeated
except for the following 
cases.” 
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https://nds.iaea.org/exfor-
master/x4compil/Errors-main.htm
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Trouble due to Repetition of Same Heading 
(Cont)

Repetition is legal for unresolved secondary energies. But …-MIN 
and …-MAX would be better both for database designs and physics. 
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SUBENT        20763004     840207              
BIB                  2          5
REACTION   (42-MO-94(N,INL)42-MO-94,PAR,DA)
…
COMMON               3          3
E-LVL      E-LVL E-LVL
MEV        MEV MEV
2.5330E+00 2.5680E+00 2.6080E+00
ENDCOMMON

is actually measuring
COMMON               3          3
E-LVL-MIN E-LVL-MAX
MEV        MEV
2.5330E+00 2.6080E+00
ENDCOMMON

We know contribution of 3- level
is not excluded.

D. Abriola+,J,NDS,107,2423,2006

This problem is observed not only for E-LVL but also for E
(e.g., unresolved discrete outgoing gamma lines).
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Conclusions

• X4Pro is very powerful to produce a list of dataset or data points in EXFOR 
(especially for quantities not supported by C4.)

• One can  see the database file contents easily by a browser such as “DB 
Browser for SQLite”

• Conversion of SQL output to another format (e.g., C4) by an additional script 
could make the SQL output more useful.

• Better to avoid repetition of the same heading even when it is legal.

• Suggestion to X4Pro: It would be helpful if the column name of the same 
content is unified (e.g., DatasetID=ReacodeID).
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Thank you!

My Special Thanks to Viktor Zerkin!
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