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Nucleosynthesis

Why nuclear data library?

Nuclear Reaction Network in Science

How do we understand isotopic abundances?

Isotopic abundances in the universe

Cassiopeia A (Cas A).

Source: Chandra X-ray Observatory,

NASA/CXC/SAO/Rutgers/J.Hughes

EXFOR Workshop (Panjub Univ., 4
April 2011)
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Why nuclear data library?

Nuclear Reaction Network in Science (cont)

Nuclear reaction network in high mass stars

Monburming hydrogen H' bl He*
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E. M. Burbidge et al., (B2FH) Rev.Mod.Phys.29(1957)
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(Note: Heavy elements are also created in supernovae. )




Why nuclear data library?

Nuclear Reaction Network in Application

Another example of reaction network:
Burning chain model in a fast reactor (JOYO, Japan)
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Why nuclear data library?

Nuclear Data in Nuclear System

Growth of the number of the i-th isotope per unit time/volume N,(t)

MO _ NG -oN, 0+ AN 0+ g o N (1)

dt /k

j
Increase by reaction from the i-th isotope

Increase by decay into the i-th isotope

Decrease by reaction from the i-th isotope

Decrease by decay of the i-th isotope

Various nuclear data (A, o) for each isotope as input parameters!

2 \
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Why nuclear data library?

Nuclear Data in Science and Technology

Science Technology
® Nuclear physics ® Fission and fusion energies
® Astrophysics ® Material analysis
etc. ® Medical application
etc.

f 3
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Why nuclear data library?

Structure Data and Reaction Data

Nuclear Data:

Data which characterize properties and phenomena of
nucleus (e.g., mass, spin-parity, half-life, cross section)

Example: Uranium-235
Mass: 218 942 MeV/c?

Structure Reaction (incl. EXFOR)
Level | Spin | Parity | Half-life T R
ener - . v
M \?y ) n+23%U fission
(MeV) | o cross section e
0.0 7/2 -1 7.0x108 y
0.0765 |1/2 | +1 ~26 min ;
13.04 [3/2 |+1 0.50 ns o

EXFOR Workshop (Panjub Univ., 4
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Data Libraries

Example of Experimental Data in Library

Fission cross section in resonance region

Important for application, theory is not very powerful,
but a lot of experimental data points are available.

HE-U-ZTTIH,FY
EXFOR Request: B&E1-1, 3E11-Mar-Z1 22136203
io—™ 10" 10— i0~=
T ¥ — T T T — T T — T Ty
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L o- 2T Calviani

%////////% alriléclz(teu lgf/ -~ . resonance structu%rf.

neutron
induced
reaction
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Data Libraries

Experimental and Evaluated Data Libraries

Evaluated data derived from experimental data are used as
an input for applications (Breit-Wigner, R-matrix).

EHNDF Request 3558, Z2011-Mar-21.22:32:58
EZFOR Request: 868371, 2811-Mar-21 22:32:37
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Data Libraries

Experimental and Evaluated Data Libraries (cont)

Resonance structure is also important in astronuclear physics

Cross Section (bharns)

EXFOR Workshop (Panjub Univ., 4
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Data Libraries

Processed Evaluated Data Library in Science

In stellar environment, Maxwellian averaged cross section

(MACS) at a given temperature is important.
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Data Libraries

From Microscopic Experiment to Application
request of new measurement

data library

Reactor

Experiment . Evaluated constant, Transport calc.,

data library MACS, etc. Network calc.

Evaluation :> Processing i>AppIication

A

Theory

Optical model, statistical model,
pre-equilibrium model,...




Data Libraries

Major Data Libraries in the World
Experimental data library

EXFOR * EXFOR
ENDF, (Data Centres - NRDC)
Experiment :]]EEI'I:DL
~ Evaluated data libraries
e ENDF (US)
II Evaluation :> »  JEFF (EU)
* JENDL (Japan)
Theory @ » BROND/ROSFOND
(former USSR)
e CENDL (China)
etc.

— —
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o
Nuclear Reaction Data Centres (NRDC)

EXFOR is a product of international collaboration.

"",- ﬂs - -":i __

=y -#J.:‘;ﬂ:_:_ll""-‘l- _-'.

14 centres from 8 countries and 2 international organisations
(China, Hungary, India, Japan, Korea, Russia, Ukraine, USA, NEA, IAEA)
Coordinated by IAEA Nuclear Data Section

EXFOR Workshop (Panjub Univ., 4




Nuclear Reaction Data Centres

Brief History
History

1966
> 1t meeting of Four Centres (Brookhaven, Saclay, Obninsk, Vienna)

1969
> EXFOR adopted as official exchange format.

1974
> 1St meeting of Charged-Particle and Photonuclear Data

1979
> 15t meeting of Nuclear Reaction Data Centres

IAEA Headquarters

in Grand Hotel (until 1979)
(from IAEA Imagebank)

2 \

International Atomic Energy Agenc \9’
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Nuclear Reaction Data Centres

NRDC Meeting

Annual NRDC Meeting (intensive discussion)
~ % {j’* IAEA e

It et al A oo e Frae ey Agpoemc
.

T- » it . - -, INDC International Muclear Data Committee
o 3 =

Summary Fepot an
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Inter national Network of Muclear Reaction Data Centres

FFE. (hamk
amd
s cow St U v iy, e oW
[Pl wsary o cha ke

- 33 Sepambar 2003

Frapaad by

Svallam Dunava San Lo Mochos
A Mucksr Oaia Secian, Yema At

amd
e e e

0 N e O et San b loorp-a s-Mos inens, Frams

e b r 20

B LA MNudaw Ut Sechon. Wageme Shoma 4 & HMN Vemea Soette

Meeting reports are
published as INDC(NDS)
reports

2008 NRDC Meeting (Obninsk)
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Nuclear Reaction Data Centres

NRDC Meeting (cont)
EXFOR Workshop (intensive practice)

2009 EXFOR Workshop (Vienna)

¢ K\

. . : . %
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Nuclear Reaction Data Centres

NRDC Meeting (cont)
... and intensive communication

—
Social event (Grinzing, Vienna, 2009)
¢ K\
/li;(rl:"(glg1\/1\/)0rksh0p (Panjub Univ., 4 20 International Atomic Energy Agency \’@@ }
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Nuclear Reaction Data Centres

Role of IAEA Nuclear Data Section

¢ Maintain central EXFOR storage (EXFOR Master)

¢ Maintain on- and off-line accesses to EXFOR Master
¢ Assignment of articles to data centres

¢ Review EXFOR entries made by other centres

¢ Maintain EXFOR manuals

¢ Maintain EXFOR dictionary

¢ Organize annual NRDC Meeting

e i -
V.Semkova V.Zerkin S.Simakov R.Forrest

X %RWorkshOIO (Panjub Univ., 4 International Atomic Energy Agency @ y
%. 5 SyIest 21 gy Agency N




Nuclear Reaction Data Centres

Data Exchange

EXFOR is an EXchange FORmMmat for experimental data.

Exchange between
four centres (1970s)

-Q B

DASTAR DASTAR

2

Qf@j 1st exchange: July 1970

Reference

N.E. Holden, A Short History of CSISRS (2005)




Nuclear Reaction Data Centres

Data Exchange (cont)
The current exchange structure:

@ NNDC )

CNPD mmm
\ IAEA /
Y
@ &5 NEA DB > KAERI
\ EXFOR /
S Master

8
-!:«

mm CJD
/ UkrNDC_
mm CAJaD // \
@. JCPRG CNDC BARC ATOMKI = CDFE pmm
] = — @

5 centres receive exchanged data and include into their own DB. A
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E from Vai ntres [ Medias
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- Centres may use their own database system.
Example: CSISRS, SIGMA (NNDC), JANIS (NEA-DB), EXFOR (IAEA-NDS)

- However, all centres (should) use the latest EXFOR source files.
( IAEA-NDS maintains “EXFOR Master File” 2005~)
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EXFOR from Various Centres / Medias (cont)

IAEA Nuclear Data Section maintains EXFOR search system:

http://www-nds.iaea.org/exfor/
(A mirror server is also located in BARC.).

0Dk I*'u-'h-_l-l"—nih i irraortal
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http://www-nds.iaea.org/exfor/
http://www-nds.iaea.org/exfor/

.
Scope of EXFOR

® EXFORis a general purpose experimental data library.

(c.f. ENDF — evaluated nuclear data libraries — are designed for fission
and fusion energy systems. En<20 MeV)

® Data describing a microscopic nuclear reaction are considered (c.f. “per
per reaction”).

L1

incident particle

a reaction in a
macroscopic
nuclear system

—



Scope of EXFOR

Should EXFOR include “all” reaction data?

® An effort should be made for potential users (e.g., quantity
defined for a specific theory should be skipped.)

® Clear definition should be given for stored quantities. (e.g.,

definition of “fusion cross section” depends on authors and
not very clear.)

o fus=
1n channel
+2n channe
+...77
+fission ?7

o O

EXFOR Workshop (Panjub Univ., 4 #j
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~ ‘scopeofEXFOR
Example of Quantities in EXFOR

e Cross section

¢ Differential cross section (angular, energy, double,
triple, ...)

¢ Resonance parameter

¢ Fission quantity (fission yield, fission neutron
multiplicity, ...)

® Polarization quantity (analyzing power, ...)
¢ Thick target yield

etc.

EXFOR Workshop (Panjub Univ., 4



Scope of EXFOR

Projectiles in EXFOR

Beam Neutron |Lightion |Heavyion |Photon
(A<12) (A213)
E<1 GeV |complete |complete |incomplete |incomplete
E>1 GeV Incomplete

Highest priority is assigned to neutron and light-ion
(p, d, 3He, «@,...) induced reaction data (E < 1 GeV).

Note that
n: 45%, p: 25%, d: 6%, a: 5%, 7 :5% (Sum~85%)
in the EXFOR library (March 2011).

EXFOR Workshop (Panjub Univ., 4 International Atomic Energy Agency i Y
April 2011) & gy Agency Y &£
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Scope of EXFOR

Work Sharing

To maintain completeness of the EXFOR library
efficiently, each centre is responsible for specific data type.

Example
NNDC (Brookhaven, US)

neutron, charged-particle, photo-nuclear data from
USA+Canada

CJD (Obninsk, Russia)
neutron data from former USSR (except for Ukr.)

CAJaD (Moscow, Russia)
charged-particle data from former USSR (except for Ukr.)

EXFOR Workshop (Panjub Univ., 4 International Atomic Energy Agency M
April 2011) 30 gy Agency AN &

~———



Scope of EXFOR
Responsibility of Indian Researchers

Indian Group (coordinated by Prof. Ganesan, BARC) is
responsible to neutron, charged-particle and photonuclear
reaction data measured in India.




EXFOR Entry

Entry Number

¢ Each EXFOR Entry is identified by Entry number
(accession number).

e Entry number has one area character and 4 digits
number.

Example
Entry 471123: 1123th EXFOR entry from area 4
Entry C0453: 453th EXFOR entry from area C

- area 4: Neutron data from former USSR

- area C: charged-particle data from US+Canada

EXFOR Workshop (Panjub Univ., 4



EXFOR Entry

Entry Number (cont)

Example of area character

Neutron data from US+Canada

Neutron data from NEA DB countries

Neutron data from rest of the world (incl. India)

Neutron data from former USSR

Charged-particle data from former USSR

Charged-particle data from US+Canada

Charged-particle data from rest of the world (incl. India)

Charged-particle data from Japan

FImoo|XEheN=

Photo-nuclear data from US+Canada

EXFOR Workshop (Panjub Univ., 4 International Atomic Energy Agency Y Y
April 2011) 32 gy Agency Y &£
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EXFOR Entry

Entry Number (cont)

¢ 1 EXFOR Entry = 1 Experimental work
# 1 Publication

@

Experiment

4

Lab. Report

—

EXFOR
12345 Revision

Conf.Proc.

EXFOR
12345

Revision >

EXFOR entries are alive!
(We can revise them even after final publications)

e M—

Journal
(frozen)

EXFOR
12345

ﬁ@-

I

Revision »




EXFOR Entry

Subentry Number

¢ One Entry is a set of Subentry.

e Each subentry is characterized by subentry
number (subaccession number).

e Subentry 001 is a set of common information
applicable to all subentries (e.g., title, authors,
institute, experimental facility, detector)

e Subentry 002, 003,... are assigned to data sets.

EXFOR Workshop (Panjub Univ., 4 International Atomic Energy Agency M
April 2011) S= 9y AGENCY T
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EXFOR Entry

Subentry Number (cont)

Example:
An Indian neutron EXFOR entry (EXFOR 33023)
(B.K. Nayak et al., Phys.Rev.C78(2008)061602)

33023.001:

Common information (title,author,...)
33023.002:

Data set for 233Pa(n,f)/23°U(n,f) x-section ratio
33023.003:

Data set for 233Pa(n,f) x-section

EXFOR Workshop (Panjub Univ., 4



EXFOR Search by (Sub) entry Number

Each EXFOR entry is searchable by Entry #
(Accession #) at http://www-nds.iaea.org/exfor/.

N
_sumie | ) Reser | e |
[ S
u ——
u I——
u ——

A1114s

11

i W .

— ~
subentry # beam energy (eV)  reaction+quantity



Subentry number (cont)

33023.001
Common description

33023.002
1st data set
with its description

EXFOR 33023.003

2" data set
with its description ’




EXFOR Formats

¢ Each EXFOR entry is stored in an ASCII file.

¢ Each line of EXFOR entry has 80 columns.
(67th-80th columns: Line sequential number)

¢ Each EXFOR subentry is divided into

1) BIB section: Description of the experiment

2) COMMON section: numerical data (constants of the data
set)

3) DATA section: numerical data

EXFOR Workshop (Panjub Univ., 4



BIB, COMMON and DATA Section

T 33023.001
~— Common description

BIB section

33023.002 _
1st data set COMMON section

with its description

EXFOR DATA section
33023.003 |4

2nd data set
with its descriptioV

ﬁ



_________ +-

SUBENT
BIB
TITLE
Title
Authors | "%
Affiliation — nsTITUTE
Reference —* REFERENCE
FaCIIIty —» FACILITY
ERR-ANALYS
Definition of error
STATUS

Source of values
History of the entry = HISTORY

ENDBIB
NOCOMMON
ENDSUBENT

EXFOR Formats

Example of Subentry (33023.001)

{

80
————————— 5
33023001 20110104 33023001 1

14 66 33023001 2
Determination of the 233-Pa (n, f) reaction cross 33023001 3
section from 11.5 to 16.5 MeV neutron energy by the 33023001 4
hybrid surrogate ratio approach 33023001 5
(B.K.Nayak, A.Saxena, D.C.Biswas, E.T_.Mirgule, 33023001 6
(3INDTRM) 33023001 9
(J,PR/C,78,061602,2008) 33023001 10
(VDGT,3INDTAT) 33023001 11
(ERR-S) The uncertainties shown in the measured cross 33023001 59
section is due to the statistics of coincidence 33023001 60
counts in each energy beam. 33023001 61
(TABLE) Data provided by authors 33023001 62
(APRVD) Entry approved by Drs.B.K.Nayak and A.Saxena i33023001 63
(20090803C)Compiled by Mr.Paresh Prajapati of The 33023001 64
66 33023001 69

0 0 33023001 70

69 3302300199999




EXFOR Formats

Example of Subentry (33023.003

22 33 44 66 80
————————— L et et e e it
SUBENT 33023003 20110104 REACTION Code
BIB 4 4 . . .
REACTION  (o1-Pa_233(N.F)..s1c) «  (reaction + quantity given)
B|B MONITOR ((MONIT)92-U-235(N,F), ,SIG) ENDF-B/VII 33023003 4
. MONIT-REF i(,,3,ENDF-B/VII1.0, ,2006) 33023003 5
section STATUS (DEP,33023002) 233Pa(n,f)/235U(n,f) data @ given E* 33023003 6
ENDBIB 4 33023003 7
NOCOMMON 0 0 33023003 8
DATA 5 6 33023003 9
EN DATA FRR-S EN-NRM MONIT 33023003 10
MEV B B MEV B 33023003 11
11.83 0.8832 0.076 10.50 1.703 33023003 12
12.83 0.8754 0.076 11.50 1.799 33023003 13
[)/\fr/\ 13.84 0.8986 0.066 12.51 1.988 33023003 14
section 14.84 0.9444 0.071 13.51 2.091 33023003 15
15.85 1.1347 0.077 14 .52 2.151 33023003 16
16.85 1.4780 0.1 15.52 2.122 33023003 17
ENDDATA 8 33023003 18

ENDSUBENT 17 3302300399999




EXFOR Formats
Structure of BIB Section

11 66

————————— Ry
TITLE Determination of the 233-Pa (n,f) reaction cross
AUTHOR (B.K_.Nayak, A.Saxena, D.C.Biswas, E.T_Mirgule,
INSTITUTE (3INDTRM)
REFERENCE {J,PR/C,78,061602,2008)
FACILITY (VDGT,3INDTAT)
STATUS (TABLE) Data provided by authors

(APRVD) Entry approved by Drs.B.K.Nayak and A.Saxena
HISTORY (20090803C)Compiled by Mr.Paresh Prajapati of The

N -
. J —

keyword information
Parenthesized coded information
and/or free text information

33023001

33023001

33023001
33023001
33023001

33023001
33023001
33023001

N SO

—_——

3

10
11

62
63
64

— —



EXFOR Formats

Coded Information in BIB Section

1 66

AUTHOR

INSTITUTE
REFERENCE

(B.K_.Nayak, A.Saxena, D.C.Biswas, E.T_Mirgule,

(3INDTRM)
(J,PR/C,78,061602,2008)

® Coded information is designed for database search.
® Many abbreviations are defined in Dictionary.
(See, http://nds121.iaea.org/ndsx4/trans/dicts/trans.9101)

-------- S S

33023001

33023001
33023001

Example
3INDPUC:
PRM:
SIG:

EXFOR Workshop (Panjub Univ., 4

Punjab University, Chandigarh (Institute code)

Pramana (Journal code)
Cross section (Quantity code)

6

9
10




EXFOR Formats Manual

All details of EXFOR Formats

are described in the EXFOR @ NUCLEAR DATA SERVICES
Formats Manual. A pdf copy DOCUMENTATION SERIES OFTHE LAZA CLEAR DATA SECTIN

is available on NRDC web M ety g
page EXFOR Exchange Formar: Manual

(http:/lwww-nds.iaea.org/nrdc/). Rrtiea 08 it b

Chin Schomerer
TAEA Nuslewr Dlars Sectian
Vienma, Awiris

Bavird st carlies mork by
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Example of EXFOR Formats Manual

DECAY-DATA Gives the decay data for any auchde occusmnng m il reachon measured as
assumed or measured by the author for obtaining the data given' See also LEXFOR,
Drecay Deava.

1. If the keyword RAD-DET 15 used, an enitry showld also be made for DECAY-DATA. Also, if
decay flags appear m the data section, they must be lnked to an entry under DECAT-DATA,
see below. Oiberwise, its presenot is optional, and free text o coded information, with or
wailsost free fest, may be given.

If the keyword DECAY-DATA 15 present, the kevword Bai #-1 FF oy ot be used. See also
LEXFOR, Half-Lives.

1. The penemal format of the coding sting consists of theee major fields which may be
preceded by a decay flag:
{(fag)msclide half-lfe radiation).
Ernbedded tilamks are pesmatied i the code cnly at the begioming of a field or subfield. A
oode siring may be broken for combinuation omboe the next record, bat the break must come

at the end of a field or subfield, L, the comma separating the subfields should be the Last
character on (he Line

Flag. The general format of the code s (o), where ® bas 2 nomenical vahe that also
appears m the data section under the data beading DECAY-FLAG. The flag may be omitied,
16 which case ib parenthesss are also ooutted. See alko LEXFOR, Flags.

Muchde field The general forms of the code 13 2-5-4-17 excepd that when the ground
state of a emclide is gren, the use of the extension & &5 opticnal, see page 6.2,

Half-life feld. Contains the achaal half-life of the mclide specified, codad as a number,
rexdable tn an E11.4 fomaat (see page 4.3 no blmks are allowed), followed by a unt
which comsists of a code from Dhetionary 25 with the dimension TIME: no embedded
blamks are allowed.




REACTION Code

REACTION code is the most important coded information
in EXFOR. It defines quantity given in the subentry.

REACTION  (91-PA-233(N,F),,SIG)

EN DATA ERR-S 233 ( )]

o i i o [+>°Pa(n,f
11.83 0.8832 0.076
12.83 0.8754 0.076
13.84 0.8986 0.066
14.84 0.9444 0.071 13.51 2.091
15.85 1.1347 0.077 14 .52 2.151
16.85 1.4780 0.1 15.52 2.122

iﬁ%‘;":’)ﬁksmp (Panjub Univ,, 4 47 International Atomic Energy Agency ‘(&:@7}’
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REACTION Code

Sub Fields (SF) in REACTION Code

( $SF1($SF2,$SF3)$SF4,5SF5,5SF6,5SF7,$SF8,$SF9)

Reaction field Quantity field

Example
(30-ZN-67(N,P)29-CU-67,,SIG)

= Cross section of ¢7Zn(n,p)?’Cu
($SF7,$SF8,$SF9 are omitted)

— —




REACTION Code

Sub Fields (SF) in REACTION Code (Cont)

More Example
(30-ZN-67(N,P)29-CU-67,,DA)

= (Proton) angular distribution in 7Zn(n,p)®’Cu [mb/sr]

(30-ZN-67(N,N+P)29-CU-66,,DA,P)

= Proton angular distribution in 6’Zn(n,np+pn)®©Cu [mb/sr]

(30-ZN-67(N,P)29-CU-67,PAR,DA)
= (Proton) partial angular distribution in 67Zn(n,p)®’Cu [mb/sr]
“partial” = data for a specific secondary (level, kinetic) energy




REACTION Code

Sub Fields (SF) in REACTION Code (Cont)

More Example
(30-ZN-67(N,X)29-CU-66,,SIG)

=66Cu production cross section from ¢7Zn(n,x)%°Cu [mb]
(Outgoing particle unknown - n+p? d?)

(30-ZN-67(N,X)1-H-1, DA/DE)

= Proton double diff. cross section in 7Zn(n,p+x) [mb/sr/MeV]

(30-ZN-67(P,EL)30-ZN-67,,DA, RTH)

= (Proton) Rutherford ratio in ®’Zn(p,py)°’Zn [no dimension]




REACTION Code

Sub Fields (SF) in REACTION Code (Cont)

More Example
(92-U-233(N,EF)53-1-131,IND,FY)

=131l independent fission yield from 233U(n,f) [nuclides/fission]
(“independent” = contribution of decay to 131l excluded)

(98-CF-252(0,F),PR,NU)
= Prompt fission neutron multiplicity in 2°2Cf spontaneous
fission [neutrons/fission]

(92-U-235(N,F),PR,NU/DE)
= Prompt fission neutron spectrum in 235U(n,f)
[neutrons/fission/MeV]

A
EXFOR Workshop (Panjub Univ., 4 i i &l




REACTION Code

Sub Fields (SF) in REACTION Code (Cont)

More Example
(95-AM-241(N,G)95-AM-242-M,,S1G)

=Cross section for 24TAm(n, 7 )2*2mAm [mb]

(91-PA-233(N,F),,SIG)/(92-U-235(N,F),,SIG)

= Cross section ratio for 233Pa(n,f)/ 23°U(n,f) [no dimension]

(91-PA-233(N,G)91-PA-234,,SI1G,, MXW)
= Cross section for 233Pa(n, v )?3*Pa averaged for
Maxwellian spectrum [mb]




REACTION Code

LEXFOR

@ Major quantities defined in the
EXFOR Formats are explained
in LEXFOR (EXFOR Compiler's
Manual) with corresponding

REACTION code.

@ A pdf copy is available on
NRDC web page:

http://www-nds.iaea.org/nrdc/

ETERNATICHAL ATCAIC ENERGY AGETY

@ NUCLEAR DATA SERVICES

DCCUNATHT ATION KRS OF THE SAla SO RAR DAT A SECTIN

LAEA-MINE- 10

Fesrmiry 1l
LEXFOR
(EXFOR Compaler's Saanal)y
Farinca I8 mdnd Ty
CHia 5 bawrer
ELEA Wachear Duas Shcrion
Ve Amirm
s o sariier wark by
Al Lune
Nahanal Seckar Doty Cantar
Ersakhaves Naninal Ladsrinory 154
Drviwel b Dol of ot
Noclar Reartan Dats Setwark
etz = adl cominm T npes oo e conplars echon of e
TaETUL Tore me-um
Fird 4 i rpbvans of thw Sofraid bicl Spdfusf unammum
MDS-MT
Worlsar Do Gacsar Y- TR TR T

Ensrmacions] Areges Enerpr Apecy B 43

PO B 1 nebephba (43-1 21 THY
A 1400 s ‘wea HF"I:-I'-'E]

e oy




Example of LEXFOR

Astrophysical S-factor

(e alie Thermonuclear Keaction Kate).

alE} it contained m the penetratson factor for the Coulomb and angular mosnenhim bartier.
Far incident emergies that are smsall compared 1o the beight of thess bamiers. it is convessent
to factor omt the eperpy dependence and am additional factor of I'E. The cross secthom can
then be nriften:

o1 2o = Definition by
n=ZZ & fhy an equatIOn

where v = pelative velocity
Iy, Iy=charpe of incidest jon and target. pespectivehy
ot in perons of she Giamon eperpy
SCE)
o{E}= T

A= 09508 7, Z.m'"

where E = penferof-mast mevdent emerpy (Bl
oo L3 -n'h-'!::d-:l:h-m-d.h:pﬂ.

respectively
T s EXFOR

EEACTION Codimg: |, 5I5, , 5FC) <

Usits: 4 code fhom Dictionary 2% with fhe dimention E'B (2.5, BEV). REACTION code

S-facier &% & fanctisn of sngle.
Crcazionally, the S-factor may be given & 3 femeteon of angle S(E.5)

REACTION codimg: | DA, ,5FC)
TUndty: 2 code from Dectonary 75 with the domension EDA (e, B MEV /5E)

—



REACTION Code

EXFOR Search by REACTION

Each EXFOR entry is searchable by Target,
Projectile etc. at http://www-nds.iaea.org/exfor/.

Request

Target [~

Quantity [~
Product [~

Submit |

Examples: 1] 2|34 55| 7]...

Pl nemt I Halp I

Energy from [

Author(s) [~
Publication year [~
Accession = [

Extended

Keywords

Expert
Bubmit

EXFOR Workshop (Panjub Univ., 4

April 2011)

tDI_ IE".-"vI e

Res=t I

Keyword |Example

Target O-18

Reaction “p,n”

Quantity “CS” (cross section)
Product F-18

—~———




EXFOR Search by REACTION (cont)

Target:. 0O-18
Reaction: p,n
Quantity: cs
Product: F-18

U |

L]
]
L]
L]
L]
L]
]

' =

%/—/ %/—/
1st author beam energy (eV) reference




Uncertainty — for Future Use of EXFOR data

Let us consider a quantity Q which depends on the capture cross
sections at two neutron energy points a and b:

Q(0%nry T mr))

Error propagation from ¢ to Q:

02 =2 (a0} +[ 29 oo’

it (8 (511

Total uncertainty of 0@

)

Covariance between o2 and oP®
Total uncertainty of o ®

Not only total uncertainty, but also covariance
may play an important role in error propagation.

. . vp/
/EX'.:I%'; 1V1V)°rk3h0p (Saniublgh.d 57 International Atomic Energy Agency ¥ N
pri

\
y
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Uncertainty — for Future Use of EXFOR data
Covariance

007 <[ 2] oo L) ot 2 e[ )

V/aP: covariance between g2 and ob

If ois a function of parameter set (x,,X,,...):

a b
Vabzzao- iab oo ZAUiaQabAO'ib

_ ﬁxla axlb =
|

I correlation coefficient |c|<1

partial uncertainty due to i-th parameter

partial covariance due to i-th parameter




!ncerlamly — ‘OI’ !ulure !se O‘ !!!!! !ala

Example of Correlations

ncertainty
due to sample
mass

| —>
% If the sample mass él
is revised to higher l

value...
E

: : E
Two cross section points

. Two cross section points
measured with same sample

measured with same sample

No such a relation for uncorrelated source
(e.g., counting statistics)

- &



Uncertainty — for Future Use of EXFOR data
Partial Uncertainty and Correlation Coefficient

VA Z (;J: Vs 886:) =Y Ac’c®Ac?’
i OX X i
/ I correlation coeff. |c|<1

partial uncertainty due to i-th parameter

@ In order to obtain the covariance Vab, both partial uncertainties
and correlation coefficients for each i-th component should be
known.

@ Partial uncertainties (or their ranges) are often reported.
But correlation properties are rarely reported.

EXFOR Workshop (Panjub Univ., 4



Uncertainty — for Future Use of EXFOR data
Example of Correlation Coefficient

a b
VP = Z do \VAs do ZAﬁaibAaib

b pu—

~ o oX

Example of correlation coefficient in activation formula
discussed in M. Afzal Ansari et al., Ann. Nucl. Energy 11(1984)173:

B0 (4 G A B N

monit ? ¥ monit ?

N vonit» €nyy » Emonits a1 1)

O-(n,y) = n,y)? (n,y)? " Ymonit ? monit ? monit

onit

® Count A: c=1 (a=b) or =0 (a#b) - “uncorrelated”

e Atom number N: c= 1 for any (a,b) — “lully correlated”
(assuming that the sample is used at all neutron
energies)

® Decay data (e.g., gamma intensity) — “fully correlated”

EXFOR Workshop (Panjub Univ., 4



Uncertainty — for Future Use of EXFOR data

Covariance — EXFOR Coding Sample
C. Sage et al., Phys.Rev.C81(2010)064604 — 243Am(n,2n) cross section.

Correlation Property
U: uncorrelated

TABLE ¥1. Uncevtainties im %) for the most sigificant codl-
basteons im [g. (1) ab cach neviron energy. Only the diagonal clements
are given. The full mabns for cach componesl 15 &0l grven hiee bl
wiis used o obitain the correlation maty s Table V.

Memirodn ou Sam Sy Tam Aa Bam CaiEam ‘j-'l:.lrrhl.ﬂ. 1?“:—":

CHCrgy

MV

a4 19 50 1.0 1.2 @1 03 3D 09

o5 19 40 10 1.2 0 03 30 .6

13,33 16 25 1.0 1.2 0.1 03 inm 4 03
([ 2 X 10 L2 0 D3 3 (L6 0.3
17,16 2 15 1.0 1.2 0.1 03 in L& .3
179 22 13 07 1.2 01 03 il 0T 0.3
19,34 31 63 20 1.2 41 03 A L& 1.3
1955 41 14 1.0 1.2 @.1 03 an L 14
il 4 427 1.6 1.2 01 03 Am L& 14

BIB
REACTION  (94-AM-241(N,2N)94-AN-24077516) F: fU”y COI’I’e|ated
ERR-ANALYS (ERR—TI,/,P) \ Total uncertainty P parﬂy correlated
(MONIT ERR,,,P) Monitor cross section
(ERR-14, , ,U) Number of counts (Am) 1
(ERR-J,,,,U) Number of counts (Al) (for approval In May)
(ERR-3,,,F) Gamma intensity (Am)
(ERR-4, , ,U) | Sample mass (Al)
(ERR-5y , ,P) Sample mass (Am) 1
(ERR-6Y..F) | Efficiency ratio (Al/Am) Partlal
(ERR-7,\,F) / Decay correction (Am) .
(ERR-8, , N)» Secondary neutron correction (Am// unce rtalnty
COMMON
T ERR-3 ERR-4 ERR-5 ERR-6 Val ues
PER-CENT PER-CENT PER-CENT PER-CENT —————____,——%’
1.2 0.1 0.3 3.0
ENDCOMMON
DATA
EN DATA ERR-T MONIT-ERR ERR-1 ERR-2 ERR-7 ERR-8
MEV MB PER-CENT PER-CENT PER-CENT PER-CENT PER-CENT PER-CENT
8.34 96.8 6.5 1.9 5.0 1.0 0.9
9.15 162.9 5.7 1.9 4.0 1.0 0.6
13.33 241.8 4.6 1.6 2.5 1.0 0.4 0.3
16.1 152 .4 4.6 2. 2.1 1.0 0.6 0.3
17.16 116.1 4.4 2. 1.5 1.0 0.6 0.3
17.9 105.7 4.4 2.2 1.3 0.7 0.7 0.3
19.36 89.5 8.2 3.1 6.3 2.0 0.6 1.3
19.95 102.1 5.8 4.1 1.4 1.0 0.6 1.4
20.61 77.9 8.8 5.4 5.7 1.6 0.6 1.4
ENDDATA




Uncertainty — for Future Use of EXFOR data

Covariance — EXFOR Coding Sample (cont)
C. Sage et al., Phys.Rev.C81(2010)064604 — 243Am(n,2n) cross section.

BIB
REACTION  (94-AM-241(N,2N)94-AM-240, ,SIG)

ERR-ANALYS (ERR-T,,,P) Total uncertainty
(MONIT-ERR, , ,P) Monitor cross section

(ERR-5, ,,P) Sample mass (Am)

COVARIANCE (EN,MEV)
8.34 9.15 13.33 16.1 17.16 17.9 19.36 19.95 20.61
— (COR,ERR-T,PER-CENT) Total correlation
100
35 100
37 42 100
38 43 53 100

Not only partial uncertainties, | .
0 00O (COR,MONIT-ERR,PER-CENT) Partial correlation due to standard
correlation coefficients are 100

43 100

also reported for all partly 4 0 010

0 0 6 100

(:c)rrealzateacj Ljr](:eartzair]tieass_ (igs,ERR—S,PER—CENT) Partial correlation due to sample mass
(for approval in May) o 100 100

0 100 100 100

EXFOR Workshop (Panjub Univ., 4



Uncertainty — for Future Use of EXFOR data
Covariance - Summary

(02 =[ 22 (a0} +[ 29 (a0} o[ 22 (2]

Vab: covariance between o2 and ob

Vab = z 8061 \/iab a(fbb = ZAO'iaCIabAGib
i 5)(|a (9)(1 i B

partial uncertainty due to i-th parameter

\ correlation coefficient |c|<1

e Covariance V& may be important when we consider a
quantity depending on two or more data points.

e Partial uncertainties A o2 propagated to the total
uncertainty must be reported and compiled
(Experimentalists should be able to provide them! )

¢ Pay also attention to correlation properties c2°, for each

source of uncertainty. Q
Y
y

EXFOR Workshop (Panjub Univ., 4 International Atomic Energy Agency
April 2011) £ gy Agency (N &



EXFOR Cross Section Plot

Info

Info
Info

Info
Info

_ QYRR A

Info “r. ."?'. 3
nfn . _E’
| oo | xe| ~ _
[ ] 5 ]
E 1wt Ho—®
g wer Jioe
Plot of cross section
is very easy! (Quick-plot) TR o " Ju

Incident Emsergy (Hels ‘



Adjustment of Plot on Web

B-0-18(P,Hy3-F-18
EXFOR Reguest: 03961, ZE11-Mar-24 22:148:87

10 105

Crogs Soction (harmeld

1w=r

Incident Energy (Hel)

Cross Section (harns)

Check “Legend” and “Authors”
and click “Repaint”.

-

10~

10—=

10~=

10—

10

B-0-18(PF. H)Y9-F-18

EXFOR Regquest: 939%6-1, ZBl1-Mar-24 ZZ:148:07

10=

[ o 261 Wess

- -0~ 1998 Kitwanga
Foee 1973 Bair,

10

Incident Energu (Hely




Cross Section (harnsd

Adjustment of Plot on Web (cont)

B-0-18(P,NY3-F-18
EXFOR Reguest: 03961, 2E11-Mar-24 22:48:687

10 10=
o 26801 Hess ' '
1 == 1998 Kitwanga 1
e i
[ -0
b
10— % 3 0™
I B B-0-18P, HY9-F-18
) EXFOR Request: 9396/1, 2811-Mar-24 22:40:67
107% =
E 10 20 20
" | o 20801 Hess ' ' '
[ -~ 1998 Hitwanga
i L = 1973 Bair
=l o 1957 Amzel
10 0.8 = 1960 Blair gk
o <+ 1952 Blaser
I ®
10=% | E
E L L Ml | P | L=
10 10 = —o.a
Incident Energy (Mell) E
L]
=
(%]
=
Select area, :
5 0.2

Click “Lin:XY”

: “ R {?JF
and click “Repaint”. > gﬁ';a :. .
T e o g |




EXFOR Cross Section Plot
Exercise: ¢7Zn(n,p)¢’Cu

Exercise:
677Zn(n,p)®’Cu cross section

e Search 97Zn(n,p)?’Cu cross sections in EXFOR by
http://www-nds.iaea.org/exfor/

Target: Zn-67
Reaction: n,p
Quantity: cs

e Select all relevant data

® (Quick-)Plot all data sets in (x,y)=(lin-log)




EXFOR Cross Section Plot
Exercise: 97Zn(n,p)®’Cu (cont)

30-ZH-67(H.P)29-CU-67
EXFOR Request: 95V9-1, 2811-Mar-25 15:35:55

5 10 15
T T T T T T T T T T

2889 Bhike
2888 Furuta
2884 Shimizu &
1999 Haszara.ja

1995 Kielan

1995 Ghorai

1993 Konno

1991 UViennot

1991 Ercan

1982 Viennot

1976 Casanova *i*
1976 Valkonen o @
1968 Ranakumar

1967 Vinitska

1963 %%ukuq§k§§ <

1961 Uaﬂ Loef

it

102 410~ =

1.D_1 — __.1D—:|.

10 =

b Orb)dUEEL S b Y]

Cross Section (bharns)

1D_4 _I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 - 10_4
5 10 15

Incident Enexrgy (Mell)

2 options (Legends, Authors) were selected and repainted.)

— I—




EXFOR Cross Section Plot
Exercise: 233Pa(n,f)

Exercise:
233Pa neutron-induced fission cross section

e Search 233Pa(n,f) cross sections in EXFOR by
http://www-nds.iaea.org/exfor/

Target: Pa-233
Reaction: n.f
Quantity: cs

¢ Select 3 data sets (Nayak, Tovesson, Petit)

® (Quick-)Plot all data sets in (x,y)=(log-lin)

2 \
EXFOR Workshop (Panjub Univ., 4 &l



EXFOR Cross Section Plot
Exercise: 233Pa(n,f) (cont)

91-PA-233(H.F)
ESFOR Reguest: 957171, 2811-Mar-25 15:24:54

i 10
— - - - - - ——
-+ 2888 Hayak ®4:33023003
[ -~ 2084 Tovesson ®4:22693003 T
1.5 = 2004 Toveszzon #4d:22693006 —H1.5
| -~ 2884 Petit ®4:22052004
C]
;]
=
o
= 1.0 —1.0
b
=
=]
-y
i
2]
1]
]
o &
b 0.5 T D s -0.5
I
8 g0 © e iy
-.Q.
oﬁ«?
o
—e
L !
i
0 + -0
1 1 I
i 10

Incident Enexrgy (Mell)

3 options (Legends, Authors, Info+) were selected and repainted)

— ——r



EXFOR Cross Section Plot

Exercise: 232Th(n, ¥ )433Th

Exercise: neutron capture by %32Th

e Search 232Th(n, v ) %33Th cross sections in EXFOR
by http://www-nds.iaea.org/exfor/

Target: Th-232

Reaction: n,g

Quantity: cs

Publication year: 1970-2010

¢ Select all relevant data (about 40 data sets)

¢ Plot all data sets in (x,y)=(log-log)

- | _ TR
iﬁ%‘;":’)ﬁksmp (Panjub Univ,, 4 79 International Atomic Energy Agency ‘\’\1‘ [\f’

’'4
N\~ &



Cross Section (bharns)

—_— I—

EXFOR Cross Section Plot

Exercise: 232Th(n, ¥ )433Th

98-TH-232(H. G)98-TH-233
EXFOR Request: 95V4-1, 2Z811-Mar-25 15:23:54

10—% 10— 10— = 1

T I i I
| -+~ 98-TH-Z32Z(H.G)98-TH-233, 581G

10| B

10~ |

10™% 10— 10—= 1
Incident Enexrgy (Mell)

{10

{10—*

1 options (Legends) was selected, and repainted.




EXFOR Cross Section Plot

Plot of EXFOR Data with Theoretical Data

ReV| S |t 67Zn ( N , p )67C U p I Ot 30-ZH-67(H, P)29-CU-67

EXFOR Request: 957971, 2811-Mar-25 15:

Systematic
deviation

ba 10

L - 2889 Bhike
[ - 2888 Furuta
|~ 2884 Shimizu
[ -2~ 1999 HasaraJa
- 1995 HKielan
107' = -~ 1995 Ghorai
[ <+ 1993 Konno
[ 44+ 1991 Viennot
| = 1991 Ercan
| — 1982 Viennot
= 1976 Casanova
4 1976 Valkonen < @
E I+ 1968 Ranakumar
F == 1967 Winitska % 4

{101

10— =

L == 1963 Levkougki
- <+ 1961 Van Loef

Jrt

1072 |- Jdip—=

Cross Section (bharns)

107 | : i i 1 i i i i 1 i i i i 1 i i : 4107

a5 10 13
Incident Energy (Mell)

Let us compare EXFOR data with theoretical prediction.




EXFOR Cross Section Plot

Plot of EXFOR Data with Theoretical Data (cont)

Major nuclear reaction calculation codes:

e EMPIRE

M. Herman et al., Nucl. Data Sheets 108(2007)2655
(http://www.nndc.bnl.gov/empire219/)

e TALYS

A. Koning et al., Proc. Conf. Nucl.Data Sci. Technol.,
April 22-27, 2007, Nice, p211
(http://www.talys.eu/)

| prepared some TALYS outputs for our practice:
http://www-nds.iaea.org/nrdc/wsin_2011/

EXFOR Workshop (Panjub Univ., 4


http://www.talys.eu/

Plot of EXFOR Data with Theoretical Data (cont)

_ENDF |

A< 1] 30-ZN-6NN 2)25-CU-E7,, 516
{7

28-ZH-6TIH, PI29-CU-67
ESYOR Hesuest: 958041, S011-Har—&5 19i01:3%

= 1 1%
[ 2089 Ehike ; L
" - 2088 Furuta

[ ZOEM Shimiza

[ - 1990 Hasara.da

.| - 1995 Kislam R :
WY E e 1098 Ghorai =40~
f <+ 1993 Konnd

i o
45 1991 Uiennat
| &= 1991 Ercan _.‘E‘""-L %
| o 1982 Viennot & —p=

<o 197h Casanmies ¢

Your data

(hbarmzl

b 1976 Ualkomen e

F 1 1968 Ranalkumar o q1o07"

o=

Section
n !
E
2
4

L B
1
¥

: Data should be
multiplied as
appropriately.

x: eV, y: barn

A bbbttt S b ki . " . i a . ey 1077
5 10 15

Imcidont Emer-gy Mok
30w | 6] i 20| 2 20| ) v |Pages 33 <] <= a<|Gricks vH| 0 | HPtm: Tel| Bow| PL| Primi
ey e 1 ¥ - PeatScrpl

Exercise: Plot 67Zn(n,p)®”’Cu TALYS data (Material #1) with EXFOR data.
(Get TALYS data from http://www-nds.iaea.org/nrdc/wsin_2011/)

—




Cross Section (barns)

EXFOR Cross Section Plot

Exercise: °’Zn(n,p)®’Cu

F0-ZH-67(H.P)29-CU-67
EXFOR Request: 9588-1, Z011-Mar-ZH 19:81:31

5

10

~ -+ 2889 Bhi

T T T T T T
TALYS 67Zni{n, p)67Cu

ke

-~ 2888 Furuta

| - 28B4 Shi

mizu

L - 1999 Hasaraja

<~ 1995 Kie

lan

I == 1995 Ghorai

| <+ 1993 Konno
4+ 1991 Uiennot

- = 1991 Ercan
- 1982 Uiennot

| — 1976 Casanova

L I 1976 UValkonen
Lr 1968 Ranakumar

r="= 1967 Uinitskaua
== 1963 Levkovskiu

== 1961 Uan

Loef

Ghorai+ (1995)
EXFOR
13597005

Theoretical

10

Incident Energy (Mell)

Why we see such deviation?

67Zn(n,p)®"Cu




EXFOR Cross Section Plot

Experimental Condition in BIB Section

SUBENT
BIB

AUTHOR
TITLE

FACILITY
INC-SOURCE
SAMPLE
METHOD

ENDSUBENT
SUBENT
BIB
REACTION
DECAY-DATA
ENDBIB
NOCOMMON
DATA

EN

MEV

14.2

15.2

16.2

17.2

18.2
ENDDATA
ENDSUBENT

EXFOR Workshop (Panjub Univ., 4

13597001 950822
15 27

(S.K.GHORAI ,P_.M_SYLVA,J.R.WILLIAMS,W.L.ALFORD)
Partial neutron cross sections for 64Zn, 66Zn, 67Zn
and 68Zn between 14.2 and 18.2 MeV

(DYNAM)

(D-T) deuterons on titanium tritide.
Natural zinc sample. < Natural Zn
ACTIV,MOMIX . .
¢ ) was irradiated.
34
13597005 950217 . .
> 2 Activation
(30-2ZN-67(N,P)29-CU-67,,SIG)
(29-CU-67,62.01HR, DG, 185.,0.470) method was
2
0 0 used.
5 5
DATA DATA-ERR  MONIT MONIT-ERR
MB MB MB MB
82. 5. 122.0 0.65
106. 6. 108.0 1.96 185 keV Y 'ray
125. 8. 90.0 1.75 —_ 0
141. 21. 72.0 1.41 (Iy_47 /0) used.
230. 30. 59.5 1.26
7
14




EXFOR Cross Section Plot
Experimental Condition in BIB Section (cont)

Natural Zinc
(%4Zn: 49%, %6Zn: 28%,
67Zn: 4%, %8Zn: 19%)

Neutron beam

67
Cu @\{‘QQ (
(62 h) &
Measured cross section is for "Zn(n,x)°’Cu (=0, 4) S

—

Cross section for 67Zn enriched target ¢7Zn(n,p)¢’Cu
= 0 .,/ Isotopic abundance of 67Zn (4%) 67

if only 7Zn contributes to the ®’Cu production Zn
(stable)

e 6




EXFOR Cross Section Plot

Exercise: ®/Zn(n,p)®’Cu (cont)

Q-value is easily calculated by
QCalc: http://www.nndc.bnl.gov/qcalc/

8- ZH-GTIH, PY2R-CU-67

67Cu Threshold : i:m:!ﬂm --‘&Ean(.;,np)WCu
production | energy z%%ﬁh Threshold :
reaction | (MeV) Y § i
Zn(np) | O P esrZEHES 687n(n,d)S7Cu

682n(n,d) 7 868 i; f% Eﬂ%ﬂm Threshold +
55Zn(n,np) | 10.125 B

Incident Enerau (Hel)

o

Only §7Zn contributes Both 5’Zn and %%Zn
to 67Cu production contributes

to 7Cu production {ﬁ“l



Exercise: ®/Zn(n,p)®’Cu (cont)

_ENDF |

A< 1] 30-ZN-6NN 2)25-CU-E7,, 516
{7

28-ZH-6TIH, PI29-CU-67
ESYOR Hesuest: 958041, S011-Har—&5 19i01:3%

= 1 1%
[ 2089 Ehike ; L
" - 2088 Furuta

[ ZOEM Shimiza

[ - 1990 Hasara.da

.| - 1995 Kislam R :
WY E e 1098 Ghorai =40~
f <+ 1993 Konnd

: 1;-
b 1990 Visnmst
[ &= 1951 Ercan _.‘E‘""-L %
| o 1982 Viennot & ==

Your data

(hbarmzl

b 1976 Ualkomen e

F 1 1968 Ranalkumar o q1o07"

o=

Section
n !
E
2
4

L B
1
¥

: Data should be
multiplied as
appropriately.

x: eV, y: barn

A bbbttt S b ki . " . i a . ey 1077
5 10 15

Imcidont Emer-gy Mok
30w | 6 i 20| 2] 20| ) v |Pages 33 <] <= a<|Gricks vH| 0 | HPtm: Tel| Bow| PL| Primi
wnt| € s | YF ¥ - PeatScrpl

Exercise: Plot "atZn(n,p)é’Cu/a(6’Cu) TALYS data (Material #2) with EXFOR data.
(TALYS data available on http://www-nds.iaea.org/nrdc/wsin_2011/)

—




EXFOR Cross Section Plot

Exercise: 7Zn(n.pn)%’Cu (cont)

JB-ZH-67(H, P)29-CU-67
EXFOR Request: 959371, 2011-Mar-25H 22:52:21

ba 10 15

Ll - THL?& 1.8: nath(n,x)ﬁ?CuI/ al(67Znl I
| -+ 2889 Bhike
| -~ 2888 Furuta
~= 2084 Shinizu
|~ -~ 1999 Hasara.ja
| < 1995 Kielan
[ == 1995 Ghorai
I <+ 1993 Konno
r 44 1991 UViennot
0.2 = 1991 Ercan
I = 1982 Uiennot
L — 1976 Casanova
L {1 1976 UValkonen
| I3 1968 Ranakumar
| == 1967 Uinitskaua
=% 1963 LevkovsKkiu

| = 1961 Uan Loef

Cross Section (bharns)

R i |

Conclusion: Incident Energy (MeU)
BIB information (SAMPLE, METHOD etc.) carefully extracted
from articles by good compilers helps us to interpret data measured
by authors.

2 \
EXFOR Workshop (Panjub Univ., 4 i i &l




EXFOR Cross Section Plot

Exercise: 233Pa(n,f)

91-PA-233(H.F)

1

10

T T | T

-~ 2888 Hauak /0 K4:33823003
[ - 2084 Tuuessnn{ Ad 22698083
1.5 = 2004 Tuuessun\ "4 22698006

| ->- 2884 Petit \\‘ ®4d:Z2952004 //

Cross Section (bharns)

'Sl'Jb'elntry number
Indicated with |nfo+

Incident Enexrgy (Mell)

Exercise: Plot EXFOR data (Nayak, Tovesson, Petit) with ENDF/B-VII data (Material
#3). ENDF/B-VII data available on http://www-nds.iaea.org/nrdc/wsin_2011/.




EXFOR Cross Section Plot

Exercise: 233Pa(n,f) (cont)

21-PA-Z23F(H.F)
EXFOR Request: 961271, Z011-Mar-Z6 86:49:13

1 10
-I EHDFAB-UII Z233Pain,f)
| - 2888 Hauak ¥4:33023003 ¥2=30.6716(vs:1,pt:6.err:7-0%) i
1.5 < 2884 Touvesson X4:22698003 ¥2=6.78374(vs:1,pt:10,err:7T-45%) 1.3
| - 2884 Tovesson ¥4:226980086 ¥*=1.29168{vs:1,pt:16,ery:7—45%) | M eas u red
-~ 2084 Petit H4:220520084 ¥2=12.8941Cv=:1,pt:85,err:2-22%) o

in 2008

«_ Evaluated
in 2006

Cross Section (bharns)

Incident Energy (Mell)

Exercise: 233Pa target is unstable (~27 days)
What reaction Nayak and Petit measured to derive 233Pa(n,f)? Check BIB section.

2 \
EXFOR Workshop (Panjub Univ., 4 i i &l



EXFOR Cross Section Plot

Exercise: 23Pa(n,f) (cont)

Excitation of compound (%34Pa) by different
reactions (surrogate reaction method)

Nayak 2008 (33023.001)

SUBENT 33023001 20110104
BIB 14 66
TITLE Determination of the 233-Pa (n, ) reaction cross

section from 11.5 to 16.5 MeV neutron energy by the
hybrid surrogate ratio approach

ANALYSIS (SURGT) The 234-Pa and 236-U compound systems have
been populated at overlapping excitation energies in
the same experiment through 232-Th (6-Li,A) 234-Pa and
232-Th (6-Li,D) 236-U transfer channels at E (lab) = 38
MeV, and the absolute surrogate method is used to
determine fission decay probabilities of the above
compound nuclei by dividing the number of PLF-fission
coincidences by the associated PLF-singles data. The
experimental values of fission decay probability
ratios of 234-Pa and 236-U compound nuclei at the same
excitation energies have been used to deduce the 233-Pa

(n,F) cross-section using a surrogate ratio approach.

Measured: 22Th(eLi, & )2#Pa—fission

Conclusion:

Petit 2004 (22952.004)

SUBENT 22952004 20070117

BIB 4 10

REACTION (91-PA-233(N,F),,SIG, , ,DERIV)
Fission c-s deduced via the product of measured
Tission probability distribution of Pa-234 using
the transfer reaction Th-232(He-3,p)Pa-234exc

STATUS (CURVE) Digitized data of Fig. 13 ,Main Reference.
ERR-ANALYS (EN-ERR-DIG) Error of EN Digitizing
(ERR-DIG) Error of DATA Digitizing

COMMENT Of compiler. Several data points in Fig.-13 has
no error bars and these lines has no DATA-ERR in
DATA
section.
ENDBIB 10

Measured: 232Th(3He,p)?3*Pa—fission

BIB should gives essential information shortly and precisely!!
(Edit free text after “copy and paste”)

EXFOR Workshop (Panjub Univ., 4
April 2011)

V/ \
International Atomic Energy Agency \’g@ E’
&
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Comparison with Evaluated Data Libraries

91-PA-233(H.F> r
EXFOR Request: 96881, 26811-Mar-26 86:16:51

4| Wa1)\91-PA-233(N,F),,51G
— : : — 0 +|Wa 2) 51-PA-233(N,F),,SIG,,, DERI

& |

Cross Section (bharns)
-D.n._n_
'%—_qj_
0=
%

Incident Energu {(Mel)




Comparison with Evaluated Data Libraries (cont)

\

Evaluated data
library selector
appearing on
another tab

1}
Ly
(o
B il : 3
LT, .I 3
[}
L

_ENDF-6| Interpreted| o] Plot
_ENDF-6| Interpreted| af Plot
b | ENDF-6| Interpreted| o] Plot]
J _ENDF-6| Interpreted| af Plot




EXFOR Cross Section Plot
Comparison with Evaluated Data Libraries (cont)

ERMF B, i, 06RO
f e LTSI 8]

B R (Lol

| ;' ----- : Select area and use
FF k. (x,y)=(lin,lin) scale

- e EHNDF Request 4086, 2011-Mar-26,06:31:59
EXFOR Reguest: 96181, 2811-Mar-26 86:24:55
bl ¥ = s 10 15 20

EHDF~B-VII.B8: PA-233CH,F)
JEFF-3.1: PA-233(H,F)

Eo JENDL-4.8: PA-233(H.F)
| - 2888 Hauak

-~ 2084 Tovesson

1.5~ . 2884 Tovesson EES
| o 2Z@B4 Petit

Croan a1 o barra
n
[
[
[
[
m

{harnsl

Section

Crozss

ENDF-B/VII: 2006 ° osf Jut o)
JEFF-3.1: 2009
JENDL-4.0: 2010

Incident Enexrgy (Mell)




EXFOR Cross Section Plot

Advanced plot (Diff. Cross Section etc.)

Data Selection
|F'Eﬁdﬂ  Unselected ™ Al |

Output: [FEXFOR [~ EXFOR+ [ Bibliography 4

Plot: [ Quick-plat [cross-sections o A:hrumﬂpht

mmtmwm - :

= agvanced data modifications

Flotl

83-BI-289(5%-B-11,EL)83-BI-289, .DA, ,RTH EiG.98E+Y
“Ean e Tear Auther-i
Ay 0D p3mr-zoos-m-11,EL)E3-mT-203, 40 &0 . . __ 80

— T T T T T T T
goartitys [DR] Differestial co® dfdd rel.c [ o+ 2883 Sahu

F == 1998 Shrivastava

1 _nfo | x4 ] wa-f 8d= | T2 | 2003 E.H.Ssho
i | info | x4 | ma- xdz | T | 198 K. ShEdve

10 O 410
E . 3
o
@ <
1L =0 41
‘o
g
m—‘:— i —:m—i
<H

de~d() (hs/sr)

10 = |

Send your - 209Bj(11B,el) angular distrigutjon
guestion to - at 69 MeV (BARC) o

107= Jd410—=

the NDS programmer——— S
Dr. V. Zerkin (V Zerkln@laea Org) Angle (deg)

EXFOR Workshop (Panjub Univ., 4




EXFOR Compilation
What must be done by EXFOR compilers?

e |dentification of articles for EXFOR
(Should be in EXFOR, but missing in EXFOR):

® Allocation of an EXFOR entry number to the article;

e Extraction of key information for BIB section
(bibliography, facility, detector, method);

® Define each data set by REACTION code;

® Preparation of numerical data (digitization if original data are not
available);

® Checking by ZCHEX (checking code), proof-read by authors;

® Transmission to other data centres through IAEA-NDS




EXFOR Compilation

Extraction of Key Information for BIB section

EXFOR Workshop (Panjub Univ., 4

April 2011)

e Description is given by code(s) and/or free text
under an appropriate keyword.

e Keyword is given in 1stto 11" columns.

e Code(s) follow an open parenthesis at the 12th
column.

¢ Free textis given between 12t to 66" column
Example

+; Free textonly

Nuclear Data

AUTHOR (B.R.Behera, A.Kumar, A.Saxena) .  coded information On|y
INSTITUTE (3INDPUC) Department of Physics

(3INDTRM) Nuclear Physics DiViSiO”} T coded info.+free text

AR
91 International Atomic Energy Agency ‘\’S‘@ #}

’'4
N\~ &



EXFOR Compilation

Major keywords (Bibliography)

Keyword Contents
TITLE Title of the experimental work
AUTHOR Researchers contributes to the work

INSTITUTE Institutes of authors
REFERENCE | Articles used for compilations

Example
11 22 33 44 55 66
—————————— e
TITLE Radiative capture cross-sections of i1sotopes of Gd, Sm
and V between 1 and 3 MeV
AUTHOR (M_Afzal Ansari, R.K.Yasikul Singh, M.L.Sehgal,
V_K_.Mittal, D.K.Avasthi, I.M.Govil)
INSTITUTE (3INDMUA,3INDPUC) Aligarh Muslim Univ.+Punjab Univ.

REFERENCE (J,ANE,11,173,1984) Ann.Nucl.Energy 11(1984)173

: - ‘?f \Q
EXFOR Workshop (Panjub Univ., 4 International Atomic Energy Agency i Y
April 2011) 2 gy Agency Y &£

—~———



EXFOR Compilation

Major keywords (Experimental description)

Keyword Contents

FACILITY Experimental facility (reactor, accelerator etc.)

INC-SOURCE | Source of beam (for neutron and photon beam)

INC-SPECT | Spectrum of beam (for neutron and photon beam)

Example

11 22 33 44 55 66
—————————— gy gy gy gy gy Sy USRS &
FACILITY (CYCLO, 3INDPUC) Cyclotron at Punjab University
INC-SOURCE (P-T) 3H(p,n)®He neutron source

EXFOR Workshop (Panjub Univ., 4



EXFOR Compilation

Major keywords (Experimental description)

Keyword Contents

SAMPLE Sample specification (enrichment etc.)

DETECTOR | Detector used in the experiment
METHOD Experimental method

ANALYSIS Experimental data derivation

Example

11 22 33 44 55 66
—————————— T RpRSRRyUS Ry Uy S R g
SAMPLE (64-GD-160,ENR=0.981) 48.42 mg/cm2 %Gd (enrichment 98.1%)
DETECTOR (GELD) Ge(Li) detector used
METHOD (ACTIV) Activation technique used

. . ¢ AL\
International Atomic Energy Agency

EXFOR Workshop (Panjub Univ., 4




EXFOR Compilation

Major keywords (Parameters)

Keyword Contents

MONITOR Standard reaction for normalization

DECAY-DATA | Decay property of reaction product

DECAY-MON | Decay property of standard reaction product

LEVEL-PROP | Level of reaction product (spin, parity)

Example
11 22 33 44 55 66

—————————— gt By Oy S  &

MONITOR (53-1-127(N,G)53-1-128,,SIG) 271 (n, )*?%8 used asreference reaction

DECAY-DATA (64-GD-161,3.7MIN,DG,315.,0.229) 315 keV decay gamma (I ,=22.9%) from 16'Gd
measured

DECAY-MON  (53-1-128,24.9MIN,DG,443.,0.160) 443 keV decay gamma (I ,=16.0%) from *#|
measured

ii)(r';%';\q\/)orkShop (Panjub Univ,, 4 95 International Atomic Energy Agency \’S‘:@ }’

——



!!!!! !ompllallon

Major keywords (Data Specification)

Keyword Contents
REACTION Reaction and quantity in the DATA section

Example
11 22 33 44 55 66
—————————— Ry

REACTION  (64-GD-160(N,G)64-GD-161, ,SIG) '%Gd(n, )% Gd cross section is given

— —



EXFOR Compilation

Major keywords (Correction and Error)

Keyword Contents
CORRECTION | Correction applied to the raw data

ERR-ANALYS | Specification of uncertainties (e.g. statistical)
COVARIANCE | Covariance or correlation information

Example
11 22 33 44 55 66
—————————— e+

CORRECTION Corrected for self-absorption of neutrons in the sample
ERR-ANALYS (ERR-T) Total uncertainty

(ERR-S) Statistical uncertainty

(ERR-1) Uncertainty in sample mass
COVARIANCE Uncertainty in sample mass is fully correlated

EXFOR Workshop (Panjub Univ., 4 97 International Atomic Energy Agency Y #}
April 2011) N



EXFOR Compilation

Major keywords (Bookkeeping)

Keyword Contents
STATUS Status of data (source, approval, cross reference)
HISTORY History of the EXFOR entry
Example
11 22 33 44 55 66
STATUS | (TABLE) Table 2 of Ann. Nuol. Energy 111968173

(APRVD) Approved by S.Ganesan (2010-03-30)
HISTORY (20100321C) Compiled by Paresh M. Prajapati
(20110411A) Corrected by Megha Bhike

EXFOR Workshop (Panjub Univ., 4



EXFOR Compilation

COMMON and DATA Section

® Constants of the data table = COMMON section
e Variables of data table — Data section
® 11 columns are used for each data field

Example (of data section)

11 22 33 44 55 66
—————————— eyt
EN EN-RSL DATA ERR-T MONIT MONIT-ERR Heading
MEV MEV MB MB MB MB Unit
1.07 0.20 25.4 3.0 78. 6. Value
1.48 0.18 19.7 1.8 69. 5.

1.89 0.17 18.7 1.9 62. 4.




First Exercise of EXFOR Compilation
M. Afzal Ansari et al., Ann. Nucl. Energy 11(1984)173

(give good description for nuclear data)

Ann, macd. Energy. Vol 11, Mo 4, pp. 175176, 1984 ) (P-4 54504 5300+ 00
Printed wn Girgat Britain, All rghas reserved Copyright © 1984 Pergumion Press Lid

RADIATIVE CAPTURE CROSS-SECTIONS OF 1SOTOPES
OF Gd, Sm AND V BETWEEN | AND 3 MeV

M. ArzaL Arsarl, B K. YaskuL Sinc and M. L. SeHcal
Department of Physics, Aligarh Muslim Universiny, Aligarh 202 001, [ndia
W.E. Arrrac, D B AvasTH and [ M. Gowie
Deparimeni of Physics, Pugjah University, Chandigart 160 014, India

Keyword:
TITLE, AUTHOR, INSTITUTE, REFERENCE

- n



Experimental situation under BIB

Keyword:
FACILITY, INC-SOURCE, SAMPLE, MONITOR, DETECTOR

3H(p,n)3He

proton neutron 3 -decay
m . ° NH neutron.
e
155Sm\ ‘
128| JJ\]

Ge(Li) detector

Tritium target
(for neutron production)

1558 m reaction sample 155Ey

128Te
127] monitor sample

- n



Experimental situatl

Keyword:
METHOD

3 -decay &
\ A counts
155Sm
128| - (

/J\j delayed ¥ -ray

155Eu
128Te

EXFOR Compilation

on under BIB (cont)

Activation formula
(6, A:Decay data)

Ad exp(drs)
Nol9G),, e0K[1 —exp(—At )][1 —exp (—At3)]

(1)

where A is the total counts under the photopeak of the
characteristic y-ray, 4 is the decay constant of the
product nucleus, N, is the number of nuclei of the
isotope under investigation, ¢ is the effective photopeak
detection efficiency of the Ge(Li} detector, {¢G),, is
the average neutron flux, ¢ is the absolute intensity
of the characteristic y-ray, K is the self-absorption
correction factor for the y-ray in the sample, ¢, is the
irradiation time, t, i1s the time elapsed between the
end of the irradiation and the start ol counting and
t, is the counting time. The ranges of ,, {; and t; are
10002000, 20-2000 and 200-2000 s, respectively.

Fin.pp =




EXFOR Compilation

Experimental situation under BIB (cont)

oy = Keyword:

| giepGis  DECAY-DATA, DECAY-MON
NG cOKLT —exp(— a2, 1[1 — exp(— ;)]

Decay data (A or T,,, 6) used for derivation of cross sections must
be kept (Table 1 of the article). Note that cross section values are
proportional to the inverse of gamma intensity 6 .

M(l(

)+ Amonit» Omonits N N t,t,,t)o

O-(n,y) = ny)? monit ? (n,y)? " Ymonit ? g(n,y) ’ gmonit’ monit

onit

/ M | >
Decay data Irradiation condition

ratio of counts Sample atom
numbers Detection efficiency

EXFOR Workshop (Panjub Univ., 4



!!!!! !ompllallon _

Experimental situation under BIB (cont)

Keyword:
ERR-ANALYS

AW)(/I(  Arsonits Omonits Ny N

y) ny)? (n ¥) ?* 7¥monit 7 ¥ monit ?
Anonlt

O-(n (n,y)? monit’g(ny) monltt t 1:3)O-mon|t

Partial uncertainties propagated to total uncertainties
must be preserved.

oo * (o0 ? oG 2
Ao, F=| —02)A A | ) A
( (n,y)) (aﬁn,y) Ain,y)} [aAnon,t Anonltj (ao_monit monit

2 2 )
(AO-(VW)J _ (AAHJ/)J +[AAH.7)J N [Ao-monltj
O ny) Axn.y) An,y) O monit




EXFOR Compilation

Summary of BIB compilation

¢ |Information on experimental condition and data
reduction.

e Users should be able to follow the logic of data
reduction from BIB section.

e Key parameters and partial uncertainties must be
given. They are useful for future evaluation.

(But these are not always available...)

EXFOR Workshop (Panjub Univ., 4



EXFOR Compilation

Preparation of EXFOR Entry from “Skeleton”

e Copy “skeleton” of Entry 34567 (Material #4a) from
http.//www-nds.iaea.org/nrdc/wsin_2011/

e Replace $.... by real information by EXFOR Editor.
e Ptext: replace by free text
e $author: replace by an author name
e $DICT3: replace by a dictionary 3 code
(Dictionary is also available on the web page. Material #4b)

e i replace by an integer
* 3r: replace by a real number
e $nucl: replace by a nuclear symbol (e.g. 8-O-16)

¢ See “EXFOR Formats Manual” Chapter ? for coding rule.

EXFOR Workshop (Panjub Univ., 4 International Atomic Energy Agency i Y
April 2011) 100 9y AGENCY T

—~———


http://www-nds.iaea.org/nrdc/wsin_2011/

Utilities for EXFOR Compilation

e ZORDER (IAEA NDS)
- addition of line numbers etc. (compulsory)

Today e ZCHEX (IAEA NDS)

- checking of EXFOR entries (compulsory)
e ExforEdit (CNPD)

- assistance of EXFOR formatting (optional)
e InpGraph (CNPD)
Tomorrow - digitization of data from images (optional)
e GSYS (JCPRG)

- digitization of data from images (optional)
® JANIS Trans-Checker (NEA Data Bank)

- Checking of EXFOR entries (optional)

2 N
International Atomic Energy Agenc ¢

EXFOR Workshop (Panjub Univ., 4




Utilities for EXFOR Compilation

ZORDER
¢ Originally developed by V. McLane (NNDC)

¢ Now maintained by V. Zerkin (IAEA NDS)

e \What does ZORDER do for us?

» Addition of line sequential number (col.67-80)
B Addition of “N1” and “N2” parameters

¢ Only entries checked by ZORDER are accepted by NDS.

" —



Utilities for EXFOR Compilation

What are Modified by ZORDER?

ENTRY 34567 20110404

SUBENT 34567001 20110404

BIB

TITLE Radiative capture cross-sections of isotopes of Gd, Sm,
and V between 1 and 3 MeV

AUTHOR (M_Afzal Ansari, R.K.Yaiskul Singh, M.L.Sehgal,
V_K.Mital, D.K_Avasthi, 1_.M_Govil)

INSTITUTE (3INDMUA,3INDPUC)

REFERENCE (J,ANE,11,173,1984)

FACILITY (CYCLO,3INDPUC)

INC-SOURCE (P-T)

DETECTOR (GEL1D)

METHOD (ACTIV)

MONITOR (53-1-127(N,G)53-1-128,,SI106)

DECAY-MON (53-1-128,24.9MIN,DG,443.,0.160)

ERR-ANALYS (ERR-T) Total uncertainty
Uncertainties in decay data are not considered.
(ERR-S,1.,10.) Counts under photopeak

ENTRY 34567

SUBENT 34567001

BIB @

TITLE Radiative TCapture cross-sections of isotopes of Gd, Sm
and V between 1 and 3 MeV

AUTHOR (M.Afzal Ansari, R.K.Yaiskul Singh, M.L.Sehgal,
V_K_Mital, D.K_Avasthi, I.M.Govil)

INSTITUTE (3INDMUA,3INDPUC)

REFERENCE (J,ANE,11,173,1984)

FACILITY  (CYCLO,3INDPUC)

INC-SOURCE (P-T)

DETECTOR (GELD)

METHOD (ACTIV)

MONITOR (53-1-127(N,G)53-1-128,,SIG)

DECAY-MON  (53-1-128,24_9MIN,DG,443.,0.160)

ERR-ANALYS (ERR-T) Total uncertainty

Uncertainties in decay data are not considered.

3456700000001
3456700100001
3456700100002
3456700100003
3456700100004
3456700100005
3456700100006
3456700100007
3456700100008
3456700100009
3456700100010
3456700100011
3456700100012
3456700100013
3456700100014
3456700100015
3456700100016

(ERR-S,1.,10.) Counts under photopeak (1-10%)

3456700100017

EXFOR Workshop (Panjub Univ., 4

You do not need to
add these numbers
manually.
ZORDER will do it
for you!



Utilities for EXFOR Compilation

ZCHEX
¢ Originally developed by V. McLane (NNDC)

¢ Now extended+maintained by V. Zerkin (IAEA NDS)
(e.g., porting from VMS to Windows, Linux, Mac)

® Checking items:

v Format checking (e.g., position of column)

v Code checking (e.g., existence of the code in dictionary)

v Dimension checking (e.g., b, mb etc. for cross section)

v Enough and necessary set of independent variables
(e.g., angle and incident energy for angular distribution)

v' Charge and mass conservation in REACTION

etc.

® Only entries checked by ZCHEX are accepted by NDS.

— | _ ¢ QN
EXFOR Workshop (Panjub Univ., 4 110 International Atomic Energy Agency Y [\f’
April 2011) N



Utilities for EXFOR Compilation

What are Checked by ZCHEX?

ENTRY 01061 20051028

SUBENT 01061001 20051028

BIB 12 25

TITLE Inelastic scattering of 28.0 MeV protons on Fe-56.

AUTHOR (A.Kumar, D.K.Avasthi, A.Tripathi, S.K.Datta,
I “-Iv ] )

INSTITUTE  (3INDPUC)Y . - Defined in dictionary?
3INDNSD)/Nuclear Science Centre

ENDBIB 25

COMMON 1 3

EN . . . . .

‘MEV , Matching of heading and (unit dimension)

28"

ENDCOMMON
ENDSUBENT
SUBENT 01061002
BIB 2
REACTION  (26-FE-56(P,EL)26-FE-567

A..RTH) Rutherford ratio

DATA 21—~ Incident energy and angle required
ANG-CM TA - . . .

ADEG JW - " Dimension: no-dimension

28.2 0225

33.16 0.1268

EXFOR Workshop (Panjub Univ., 4



Example of ZCHEX Output

ZCHEX (Version 2011-01-07) run on 30-Mar-2011

Input File: ._/.._./exfor/tool/trans-65a.txt
File labeled: TRANS 20110330
ENTRY 03018

First pass completed with no fatal errors

1
- Second pass checking -

ENTRY 03018

** 1llegal code field 03018001
DETECTOR (HPGF) Hyperpure Ge detector 0301800100013
NNNN\
** 1llegal code in field 4
-196(N,2N)79-HG-195, ,S1G) 0301800200003
NANNNNNNNN
** Missing independent variable NUCLIDE 03018002

Tape statistics

# of records-------————-—- > 43
# of entries--——————————-— > 1
# of subentries----—————-- > 2
# of new data subentries-> 1




Utilities for EXFOR Compilation

After Checking by ZCHEX ...

e Send your EXFOR entry to authors for approval (with
questions to authors if any).

e |[fitis approved by authors, indicate it by the following coded
information under STATUS:

Example

11 22 33 44 55 66
---------- e
STATUS (TABLE) Table 2 of Ann. Nucl. Energy 11(1984)173

(APRVD) Approved by S.Ganesan (2010-04-04)

— —



Utilities for EXFOR Compilation

ZORDER/ZCHEX Exercise (1)

e Copy “bad entry” (Entry 01234 Material #5) from
http://www-nds.iaea.org/nrdc/wsin 2011/

® Process this entry by ZORDER+ZCHEX
(upload the entry to http://www.jcprg.org/exfor/tool/)

Correct your Entry 01234 and repeat ZORDER+ZCHEX so
that all error messages are disappeared.

(You may find one additional wrong coded information
which is not detected by ZCHEX.)

EXFOR Workshop (Panjub Univ., 4


http://www-nds.iaea.org/nrdc/wsin_2011/
http://www.jcprg.org/exfor/tool

ZORDER/ZCHEX Exercise (2)

® Process your entry 34567 by ZORDER+ZCHEX
(upload the entry to http://www.jcprg.org/exfor/tool/)

e Correct your entry 34567 and repeat ZORDER+ZCHEX so
that all error messages are disappeared.



http://www.jcprg.org/exfor/tool
http://www.jcprg.org/exfor/tool
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More Utilities

ExforEdit (to edit ascii files in the EXFOR Formats on Windows)

Download it from httﬁ://www-nds.iaea.orﬁ/nrdc/nrdc sft/

] (] Ty Hir
AL T o | | |l
mlmmu iﬂﬁmj o
| TR | AT | sEITE mll'll:l.ll'l' !.H.I: -II:L'III WY | A | TS | RLATRR mrnm|
H 3
s . =
i |-
- Pt B -
[ r 1 1
oL L] FETET 1 H
L Ll TITLE B wbady of [TF8, ol veed i s 140y, SEN) a=l EEE, FETET 1 1
[~H VT (0, B, Bxluarran; F-Tap Fep Ferse, 1,0, Van Seerdes| LRl R | i
=] [MITTTOTY o WAEFNEN| MTET 1 z
s BENTRIMCE S0 HPSE B2, W, iR MY i ?
- FUCILITY VPG Tha 501 0 Ea¥ Ve o Gossd soos larwoar sl a T L
&“ TS -3f-EAagil LEGLLCD [ FitiEY ]
asls DT TR BCEN) ThE ESECCLE BRCECTLE CORLECS OF & JLEER oNIZ FITHT "
i LT = e FI1006@ SOLE DE211 Didfild SslEllllSlEi. ThEE PETET 1 am
[T el ki whEwed Gy & 15.0 em, BE AT peeiemdllipiber.E PEITET 1 01
L] #ury guier qr vamep drem che |ink cpeeelr fr ppewsy FETET 1 d
L il Furpasan: Fulpw sheps sisccieumcioo =as appived ba Mt 1 h]
[~ 8 TEHCE JEEEE FFEELE in cim eeiom il FITET i 1
e FOH T Fia A B, dewice sonidcceing cha s assrgy sas MWT i 1%
[ calmoraced ap oo di.EeE WL 9.0 BV gErooms) by FitET 1 15
ORBETVLR] WRCISEE [pohf COTlonh COORGLON. ThE LEESACPETET 1 1
SELEApIIaLiaE L Righsl sheSeb le Tields S8 Oksdked &L FITOT 1 1§
TN, 5N NEE By 8 erssscrewerd ol Gl IO 8, 0] 590 FETET 1 IE
rrazeasss i 0380 EeE. FETET 1 B
ATTHE CPEE| 4 ol T F
2 ] M 1 1
I LTS o WHG-EEE-biFigarizing srcec FIMT a1 &5
Eib-F3j bagicazang sccoe FitiT a
ERESE-ERR | EXTEE ELEm Chd EAEhLE Caad FRTNT 1 L]
The mudl Separiasl RENILlifeh] demiehs oF @Gl b Lhs FITET 1 3
Anguian dashrihelioes s wwesbsindiss is iR pelabeesPITET
mffropamrg wf bbe drrerior mwi she s i iow of FETET ] @ s
L} L]
| [} 1F e B Lo

See details in the lecture by Dr Svetlana Dunaeva (tomorrow)
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More Utilities (cont)

InpGraph (to digitize numerical data from images on Windows)
Download it from http://www-nds.iaea.org/nrdc/nrdc_sft/
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See details in the lecture by Dr. Svetlana Dunaeva (tomorrow)
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More Utilities (cont)

GSYS (to digitize numerical data from images on Windows, Linux, Mac)
Download it from http://www-nds.iaea.org/nrdc/nrdc_sft/

Yaus: (el -3 -

g

Pl {28, W50, Ruaie 106, 15

See details in my presentation (tomorrow)
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More Utilities (cont)

Janis TRANS Checker (to check EXFOR files on Windows, Linux, Mac)
Download it from http://www-nds.iaea.org/nrdc/nrdc_sft/

TrinEl EEE &R EES PedT=SE d=f@ A0
| 1) JANIS - TRANS Gheckar

JANIS - TRANS Check Log

QETWE

R e
Bkt L L= Coaldsls L Fuisiddy
0014001 AUTHOR] : Author rosrees. Hialsdowrs Had B, Annarecdy Venkoslrserosnn
mras? bm aepmrwiesdl ey m ) Reddy, Snmvsesn Oenersn, Ceverh Asj,
do nol uss e Hysanegies Him, Buirsus Him, Yeusg Do Oh, Dus
Hivast Prolieny, Boo s Chiin Bog Bo And 'Son
P ridong Ao E7P
QOO 001 PACILITY] - Unknoen JAULERF e PO0S
it

001 D] containg evbedded ool 00T 3G DEGTTREOR 100X M TR0
bitankx]

SARE - TRANS Checw Log

® NE I & EEREW § MEREE o FATEIET

Ask Dr. Emmeric Dupont (NEA Data Bank) for details.
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Summary

e Evaluated data verified by experimental data are essential input
parameters to solve nuclear system problems.

e EXFOR Library is a collection of comprehensive (microscopic)
nuclear reaction experimental data maintained by Nuclear Reaction
Data Centres.

¢ Each experimental work is compiled as an EXFOR entry.

e BIB section of EXFOR entry should explain the flow from
experimental set to compiled values (incl. key parameters used in
data reduction).

e REACTION code is the most important BIB code. It defines
measured quantities compiled in each subentry.

e Compilation of partial uncertainties (and their correlation properties)
propagated to the total uncertainty are desired by evaluators.

— | _ # LN
EXFOR Workshop (Panjub Univ., 4 120 International Atomic Energy Agency Y #}
April 2011) N
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