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X4Lite2

1. Concept: relational database + data points in JSON fields
2. NDS-NNDC EXFOR relational database:

1. extended by 3 tables describing datasets, headers and storing data points:
2. original EXFOR data as they appear in DATA and COMMON sections

3. computational data y, dy, x1, dx1, x2, dx2, etc.
4. ported from MariaDB/MySQL to SQLite

3. Translation from MariaDB to SQLite is done automatically by a bash script

working ~4 hours and producing a single 4Gb file x4sqlitel.db having 3 new tables:
1. x4data ds 177,367 rows datasets
2. x4data hdr 1,424,906 rows header

3. X4data:dat 18,853,364 rows data points (data columns: xdat json, cdat json)

1. Flexible solution: using single field to store one experimental data point as JSON object,
e.g.: Dataset]D:10045009, idat:83,
original EXFOR data xdat: {"DATA":3.0, "DATA-ERR":10.0, "EN":2.13, "EN-RSL":0.055, "E":1465.0,
"COS":0.0, "ANG-ERR":8.0, "E-NRM":846.8}
computational data cdat: {"y":0.003, "dy":0.0003, "x1":2.13e+6, "dx1":27500.0, "x2":1.465¢+6,
"x3":90.0, "dx3":8.0}

2. Data from JSON field are accessible using json_extract function, and can be used also in
WHERE and ORDER BY of SELECT command




X4Lite2 extension of EXFOR-r

EXFOR database

>
EXFOR file e N | X4A /X4Lit
o~ COmEe..

- SUBENT 1 :
* BIB (meta-data) Tﬁiﬁ;_gﬂ;‘//) search = list x4+, x4+,
- COMMON (data) . SUBENT | _retrieve |=/EXFOR —{ convert_J}= €4, C5,

XML,

* DATA (data) in BLOB JSON, etc

EXFOR database

EXFOR file e N e o i
(osoL )= |xan) X4Lite2

« SUBENT Tables with: — : User’s
. ' | SELECTH— list

» COMMON (data) e datafison | 2 2e4|/search, L xddata
«DATA (data) * / )  \retrieve/ ) cSdata

* c5data/json o oo e S L

Main idea of X4Lite2

* No more BLOBs with zipped SUBENT - data in the databases are ready for use. Both original EXFOR
data and computational data can be retrieved directly from database using only SQL commands.

* End-user does not need EXFOR converters.

» Can be used to build user’s applications.




Retrieval code examples
Connect to the database, execute SQ

1limport os

2import sys

3import sqlite3

4print("---access sQLite database---")
5 x4db="x4sqlitel.db’

6try:

7 conn=sqglite3.connect('file: "+x4db+'?mode=ro’ ,uri=True)
8 conn.row_factory=sqlite3.Row

9except sqlite3.Error as error:

10 print("__0___sqlite3.connect.Error:\n",error)

11 sys.exit(l)

12cursor=conn.cursor()

13

14sgl="select Entry,YearRefl,Authorl from ENTRY where Entry like 'F%'"
15try:

16 rows=cursor.execute(sql)

17 except Exception as ex:

18 print(""__1___execute-sSQL error: ", ex)
19 rows=/[|

20

2111=0

22for row in rows:

23 Entry=row[ 'Entry ']

24 YearRefl=row[1]

25 Authorl=row[2]

26 1i+=1

27 print('\t ' +str(ii)+"') "+str(Entry)+' '+str(yYearRefl)+' '+Authorl)
28

29conn.close()



Retrieval code examples In

Retrieve computational data from X4Lite2/MariaDB a

Python.‘ select x4data_dat.DatasetID,x4data_dat.idat as iPoint
. code py: 140 lines ,ENTRY .YearRefl,ENTRY.AuthorlIni, ENTRY.Authorl
N ,Jjson extract(x4data dat.cdat,'$.x1l’) as En

s with SOL command , json:extract (x4data:dat .cdat,'$.dx1') as dEn
* calls interactive graphics plotly ,json_extract (x4data_dat.cdat,'$.y’) as Sig
[ ,json_extract(x4data_dat.cdat,'$.dy’) as dSig
from x4data_dat

inner join REACODE on REACODE.ReacodeID=x4data_ dat.DatasetID

inner join SUBENT on REACODE.SubentID=SUBENT.SubentID

inner join ENTRY on ENTRY.EntryID=SUBENT.EntryID
where REACODE. fullCode='13-AL-27(N,A)11-NA-24,,SIG’
s 2 order by ENTRY.YearRefl desc,x4data_dat.DatasetID,En,x4data_dat.idat

A\ 4

Plot EXFOR data: 13-AL-27(N,A)11-NA-24,,SIG ® i

1) 2020, D.Kral pt:1 #31834002
2) 2009, B.Lalremruata pt:1 #33025010
3) 2007, W.Mannhart pt:28 #22976004
4) 2000, R.Coszach pt:4 #22497003
5) 1997, Hongyu Zhou pt:1 #31528009
6) 1996, Y.Uno pt:6 #23279006
7) 1993, Y.Ikeda pt:8 #22312002
8) 1993, Bao Zongyu pt:1 #30993002
9) 1992, Y.Uwamino pt:36 #22703002
10) 1992, I.Garlea pt:1 #31455008
11) 1991, Y.Ikeda pt:3 #22209002
12) 1991, Y.Ikeda pt:4 #22209009
13) 1989, L.P.Geraldo pt:10 #131710032
14) 1989, Lu Han-Lin pt:1 #30523002
15) 1989, Lu Han-Lin pt:10 #30523003
)
)
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16) 1989, N.V.Kornilov pt:23 #410480022
17) 1989, N.V.Kornilov pt:19 #410480032
18) 1989, N.V.Kornilov pt:19 #410480042
19) 1989, N.N.Moiseev pt:1 #41051002
20) 1989, N.N.Moiseev pt:1 #41051003
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Retrieval code examples In

Retrieve data from X4Lite2 + evaluated ENDF data

Python: Python:
*code.py: 105 lines e code.py: 130 lines: retrieve ENDF MF33 data

s retrieve EXFOR computational data: 70 lines (in JSON) from ENDF Web retrieval system,
s retrieve ENDF data from Web for selected libraries: 112 lines convert to correlation matrix

* calls interactive graphics plotly * calls interactive graphics plotly

Plot EXFOR/ENDF data: Al-27(n,a),sig @ + i i Plot ENDF correlation data: Ir-193(n,2n)cov/sig (o} i
s 1) ENDF/B-VIILO pt:53 20
- 2) JEFF-3.3 pt:53
= 3) JENDL-4.0 pt:71
—— 4) BROND-3.1 pt:53
—— 5) CENDL-3.2 pt:109 6
= 6) TENDL-2019.560 pt:267

® 1) 2020, D.Kral pt:1 #31834002
2) 2009, B.Lalremruata pt:1 #33025010
3) 2007, W.Mannhart pt:28 #22976004
4) 2000, R.Coszach pt:4 #22497003
5) 1997, Hongyu Zhou pt:1 #31528009
6) 1996, Y.Uno pt:6 #23279006
7) 1993, Y.Ikeda pt:8 #22312002
8) 1993, Bao Zongyu pt:1 #30993002
9) 1952, Y.Uwamino pt:36 #22703002
1 10) 1992, LGarlea pt:1 #31459008
N e S 11) 1991, Y.Ikeda pt:3 #22209002
12) 1991, Y.Ikeda pt:4 #22209009
13) 1989, L.P.Geraldo pt:10 #131710032
14) 1989, Lu Han-Lin pt:1 #30523002
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These python codes are trivial!



Concluding rem

1. EXFOR relational database is extended with data points in JSON;

X4Llite2 created; project continues
2. X4Llite2 database can be used as it is without EXFOR parsers

3. After discussions, tests and decision - regular distribution of X4Lite2

can be organized




Progress in EXFOR data a
renormalization system

1. Renormalization of EXFOR data using new Decay data
 “AR” 511 keV annihilation decay data (intensity)

* “DR” gamma line intensity
 EXFOR keywords: DECAY-DATA and DECAY-MON

* Data renormalized to the current ENSDF data - thanks to M. Verpelli
2. New data types available for automatic renormalization

« “SIG”, “DA”, “DE”, “DAE”, “FY”
3. Implementation for whole EXFOR database

» Now automatic renormalization includes 3 types of flagged corrections:
MONITOR [0], DECAY-DATA [1], DECAY-MON [2]

» Datasets with automatic corrections: 17,025 (9.4% of total 181,398)
4. Renormalized C5 and C5M

« x4toc5 extended by option for automatic renormalization (-ren:mon,decay)

5. Usage in Web EXFOR Web retrieval system

* Check-box for automatic renormalization for “Monitor-xs” and “Decay-data”




Automatic vs. expert’s c

$A 2021-09-21 10:01:17, x4auto, V.Zerkin
13597002 x4u:19950217 #1995,Ghorai #Pts:4

#[0]#---Monitor xs-data 4 t 2021
#[0] #Reaction: 30-ZN-64 (N,P)29-CU-64,,SIG x au O,
#[0]#Monitor: 13-AL-27(N,A)11-NA-24,,SIG

m0: [EN,MONIT,MONIT-ERR]; #[0]#o0ld monitor (energy)

ml: recom$al27na; #[0] #new monitor (energy)
dy=dy/y; #to rel. uncertainties
y=y/m0*ml; #[0] #renormalizing CS

dy=(dy**2-dm0**2+dm1**2) **0.5; #[0]#replace monitor uncertainties
#[1]#---Reaction decay-data

#[1]#REACTION (30-ZN-64 (N,P)29-CU-64, ,SIG)

#[1]1 #DECAY-DATA (29-CU-64,12.7HR,AR,511.,0.386) #Ix old=0.386

al=0.386/0.352; #[1L]#DECAY-DATA: correction to new 511 keV gamma-yield per decay Cu-64 Ix new=0.352
y=y*al; #[1]#Renorm. factor: al=1.0965909

#[2]#---Monitor decay-data

#[2] #MONITOR (13-AL-27(N,A)11-NA-24,,SIG)

#[2] #DECAY-MON  (11-NA-24,15.02HR,DG,1369.,1.00) #Im old=1.0

a2=0.999936/1.0; #[2] #DECAY-MON: correction to new 1368.626 keV gamma-yield per decay Na-24 Im new=0.999936
y=y*a2; #[2] #Renorm. factor: a2=0.999936

dy=dy*y; #to abs. uncertainties

$C 2011-05-16, K.Zolotarev 2011, Zn64(n,p)Cu64d

13597002 #1994 S.K.Ghorai+ K Z I t 2011
a0=0.386/0.348; #correction to new 511 keV gamma-yield per decay Cu-64 " o o areV,

al=0.999936/1.0; #icorrection to new 1368 keV gamma-yield per decay Na24

a2=0.84351; #renorm. factor to the preliminary evaluated integral of cs
#in the neutron energy interval 14.2-16.2 MeV.

a3=al*al*a2; #total energy independent correction factor

c2=0.0115 #added error in 511 keV gamma-yield per decay Cu-64 - 1.15%

c3=0.02 #added error in remorm. factor - 2%

mO: [en, monit]; #old cs for Al27(n,a)Na24 monitor reaction

m2: [en, monit-err];#abs. error in old cs for Al27(n,a) monitor reaction

c0=m2/m0 ; #rel. error in old cs for Al27(n,a) monitor reaction

ml: rrdfl0 $ al27na;#new cs for Al27(n,a)Na24 monitor reaction

cl=dml/ml; #relative error in new cs for Al27(n,a) monitor reaction

dy=dy/y; #relative error in original cs for Zné64 (n,p)Cu64 reaction

fc=ml/mO0*a3; #itotal correction factor

y=y*fc; #icorrection exp. cs

dy=dy*2-c0%2+cl”*2+c2”2+c3”2; #determination the quadrature of new total error
dy=dy”~0.5%*y; #determination the absolute value of new total error




Example of expert’s corrections:

D.Neudecker, SG50, 2021-06-21

| take 23°Pu/235U(n,f) cross sections by Tovesson that Tasks:
were already highlighted as questionable by Standards. 1. Remove Tovesson’s data above
= Tovesson et al. and Shcherbakov et al. data ey 2 Renormalize SCherbakOV,S data an

raised questions in the Neutron Standards
evaluation -> Standards rejected Tovesson
data above 13 MeV -> nice example for layer
3.

missing uncertainties
3. Store and share this information between

iy () C5

+ Also some information was lost from literature eval uators
when translated into EXFOR format -> nice
example for layer 1. ; it Sy B 1o
= This is neither a criticism of experimentalists
nor compilers! Both have a hard job.
® Solution in EXFOR Retrieval system:

$C 2021-09-24, V.Zerkin for SG50 2021, 239Pu(n,f)sig/235U(n,f)sig(::)

142710031 x4u:20201215 #2010,F.Tovesson <::>
#Reaction: (94-PU-239(N,F),,SIG)/(92-U-235(N,F),,SIG)
e:13e6 *; del; #data above 13 MeV rejected in Neutron Standard evaluation (2017)

41455005 x4u:20170724 #2002,0.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.

dy=dy/y; #iconvert 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 analys)
al=1.5393; #ratio normalization factor (using data of ENDF/B-VIII.O0), E:1.75-4.0 MeV
cl=2.82/100; #1.5393 +-2.82% (uncertainty should be added)

fc=al/al; #itotal correction factor

y=y*fc; #correction exp. cs

dy=dy**2+cl**2; #calc. new quadrature of total uncertainty
dy=dy**0.5*y; #back to absolute uncertainty




Ratio

Ratio

(94-PU-239(H.F), ,5IG)~(92-U-235(H,F), ,5IG)

S XS T S B Before correcti

T T T
L 4 2010 Tovesson i $C 2021-09-24, V.Zerkin for SG50 2021, 239Pu(n,f)sig/235U(n,f)sig
7 2002 Shcherbakov | 142710031 x4u:20201215 #2010,F.Tovesson
1.6 - H41.6 #Reaction: (94-PU-239(N,F),,SIG)/(92-U-235(N,F),,SIG)
e:13e6 *; del; #data above 13 MeV rejected in Neutron Standard evaluation (2017)
41455005 x4u:20170724 #2002,0.Shcherbakov
[ 1 # REACTION ((94-PU-239(N,F),,SIG)/(92-U-235(N,F),,SIG)
L d # MONITOR ((94-PU-239(N,F),,SIG)/(92-U-235(N,F),,SIG))
# MONIT-REF (,,3,JENDL-3.2,,1994)
1.4+ -11.4 # COMMENT Of Authors.
# The fission cross-section ratio normalization
[ T # has been done in the 1.75-4.0 MeV energy interval
L i # using data of JENDL-3.2.
dy=dy/y; #convert abs. uncertainty in cs-ratio to rel. uncertainty
- 4 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 analys)
1.2 - —11.2 al=1.5393; #ratio normalization factor (using data of ENDF/B-VIII.O), E:1.75-4.0 MeV
L i cl=2.82/100; #1.5393 +-2.82% (uncertainty should be added)
fc=a0/al; #total correction factor
L ] y=y*fc; #correction exp. cs
dy=dy**2+cl**2; #calc. new quadrature of total uncertainty
r b dy=dy**0.5*y; #back to absolute uncertainty
1.0 R | L Ll 1.0

0.5 1 1 10 50 102
Incident Energy (Mel)

. Corrections protocol

1) EXFOR:#142710031 Ref:F.Tovesson, (10) Corrected_Points:0 Deleted_Points:238 Unchanged_Points:362

2) EXFOR:#41455005 Ref:0.Shcherbakov, (02) Corrected_Points:166 yFactor_Ave:0.997207 yFactor_Min:0.997206 yFactor_Max:0.997207
142710031 X4U:20201215; E:1.3e+7 *; Del;

41455005 X4U:20170724; dY=dY/Y; a0=1.535; c0=1.668/100; a1=1.5393; c1=2.82/100; Fc=a0/al; Y=Y*Fc; dY=dY"2+c172; dY=dY"0.5*Y;

(94-PU-239(H, F),,S1G) /(92-U-235(H, F), , SIG) Afte r CO rre Cti O n

0.5 1 a3 10 a0 102
T T T T T T UL B T T T T T T T
L 43> 2010 Tovesson= 4 Data CheCk:
I+ 2002 Shcherbakous .« « « « + . .« . . Y(ratio*1000)
1.6 q11.6 -50 En(MeV)=1.773 Y=1541 dYy=40.4767 (2.63%) 41455005 O.Shcherbakov,
L ] +50 ¥=1536.7 dy=59.221 (3.85%) 41455005 *Fc=0.997207
| | -51 En (MeVv)=1.829 Y=1531 dYy=39.9504 (2.61%) 41455005 O.Shcherbakov,
+51 Y=1526.72 dY=58.6578 (3.84%) 41455005 *Fc=0.997206
[ il -52 En (MeV)=1.887 Y=1491 dy=38.9867 (2.61%) 41455005 O.Shcherbakov,
1.4 —41.4 +52 Y=1486.84 dYy=57.1796 (3.85%) 41455005 *Fc=0.997207
L i =53 En (MeV)=1.949 Y=1552 dYy=40.7403 (2.63%) 41455005 O.Shcherbakov,
+53 Y=1547.66 dY=59.6265 (3.85%) 41455005 *Fc=0.997206
r 1 -154 En(MeV)=83.32 Y=1147 dy=23.0894 (2.01%) 41455005 O.Shcherbakov,
1.2 L 41.2 +154 Y=1143.8 dy=39.63 (3.46%) 41455005 *Fc=0.997207
L | -155 En(MeV)=88.22 Y=1157 dy=23.2452 (2.01%) 41455005 O.Shcherbakov,
+155 Y¥=1153.77 dY=39.9491 (3.46%) 41455005 *Fc=0.997206
[ i -156 En(MeV)=93.57 Y=1139 dYy=22.965 (2.02%) 41455005 O.Shcherbakov,
r 1 +156 ¥=1135.82 dY=39.3748 (3.47%) 41455005 *Fc=0.997206
1.0 R R R 1.0 -157 En(MeV)=99.46 Y=1146 dy=22.6142 (1.97%) 41455005 O.Shcherbakov,
0.5 1 5 10 +157 Y=1142.8 dYy=39.3335 (3.44%) 41455005 *Fc=0.997206

Incident Energy (Mel)




Existing EXFOR data correction system vs.

Web users (online)

EXFOR Web retrieval system

* Constructing

Web tools:

Te C5M: C5 with

covariance matrix
from EXFOR

uncertainties
(add uncertainties)

correlation matrix
(auto)

* Upload your own
experimental data
with uncertainties

EXFOR relational|database
Layer 0 Layer 1 Layer 2 Layer 3
* EXFOR * Tables: * Automatic corrections: |* Experts’ corrections
master file | = | EXFOR + monitors, decay-data .“J* Outliers identified
. . . s 1
* EXFOR Dictionaries ’:‘ el 1 A [P
dictionaries ! R : No i
A7 I e N A = :
/ 7 e
'/ l" //, l" I/ 1" 7 < Iﬂ ;"”’
III ', ’,l ', /I ', y R y ,’k¢¢
/ ] e 1 4 ] l,
/] I V2 1 v 1 ’ 4
/ 1 ’ [ 1 e /’
A iy |/ | -~ ’
D.Neudecker,}]SG50, 2021-06-21 I I/ ! g /
! }/ ! K ! s ’
" ,/’l l/ ] ,/
: ] ’
o | want t,b take you on a “hll;,e” from layer 0 (o Iﬁa'yer 3.7 y
14 o ." f < /"
Layer 0 Layer 1 Layer 2 S\ ’,' //
Same data as Added YObijective /> "Subjective 1 A4
in EXFOR entry] |information that corrections — |.§*  corrections/ /'
translated into | | is in literature new monitofs-* /o Expert judgment //
wwEcseso | o || iy | omevae)
format : missing /% i+ Added
K ¢ : uncertainties: ‘uncertainties ;
’ “with template ‘with template!
® + Outlier idenliﬁedt T ;
| hope that makes discussions on all layers easier today.




Concluding rem

The development of existing EXFOR database and
correction system continues

New ways of the data distribution and methods of access
for new users are being worked out

Is there a need to coordinate our development plans?




Thank you.

e with proper acknowledgement of the IAEA and author



