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Note:

The IAEA-NDS-reports should not be considered as formal publications. When a nuclear data
library is sent out by the IAEA Nuclear Data Section, it will be accompanied by an [AEA-NDS-
report which should give the data user all necessary documentation on contents, format and
origin of the data library.

IAEA-NDS-reports are updated whenever there is additional information of relevance to the
users of the data library.

For citations care should be taken that credit is given to the author of the data library and/or to
the data centre which issued the data library. The editor of the [AEA-NDS-report is usually not
the author of the data library.

Neither the originator of the data libraries nor the IAEA assume any liability for their
correctness or for any damages resulting from their use.
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Citation guideline:

When quoting EXFOR data in a publication this should be done in the following way:
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Abstract
EXFOR is the exchange format for the transmission of experimental nuclear reaction
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PREFACE

EXFOR is the database for experimental nuclear reaction data maintained by the International
Network of Nuclear Reaction Data Centres (NRDC) co-ordinated by the IAEA Nuclear Data
Section. This manual describes the quantity definitions and compilation guidelines to be used
by EXFOR compilers.

The various aspects of the EXFOR system are described in the following documents:

Name Report code Topics Intended
readership

LEXFOR IAEA-NDS-208 Quantity definitions | Compilers

and compilation

guidelines
EXFOR Formats TAEA-NDS-207 Description of Compilers, software
Manual EXFOR exchange developers

formats
EXFOR/CINDA IAEA-NDS-213 Description of Compilers, software
Dictionary Manual dictionary formats developers
NRDC Protocol IAEA-NDS-215 Procedures for Compilers, centre

EXFOR exchange heads

between NRDC

centres
NRDC Network INDC(NDS)-401 Scope of activities Centre heads
Document and cooperation of

NRDC centres
EXFOR Basics TAEA-NDS-206 Explanation of basic | EXFOR users
Manual formats

How to use this manual

This manual serves two purposes: it may be used textbook-like as an introduction to the
newcomer, and it serves as a reference manual for compilers. It is strongly recommended to
any new compiler to first take a little time to browse through the complete manual (this will
save much time later during the compilation work), and then have it at hand as a reference
manual whenever compilation work is to be done.
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Keyword Index to LEXFOR,
the EXFOR Formats Manual and the EXFOR/CINDA Dictionary Manual

C.9 = LEXFOR page C.9
FM 7.25 = Formats Manual page 7.25
Dict 14 = Dictionary Manual page 14

For a detailed Table of Contents of the Formats Manual and the Dictionary Manual, see
these.
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MOSt PrODADIE MASS ......eieeiieeiiieiee ettt ettt ettt et essteebeesneeeneens F.13
CRAre YICLAS ..eevvvieiiieiie et ettt ettt sae e e e e taeenbeeesaeesbeessaeensaennneenns F.13
RAVAIUCS ..ttt e et e e e e e tb e e e aa e e e ae e e e be e e eaaeeenaraeenreas F.14
Yields of correlated fragment PAITS ........cc.eecvierieeiiierie ettt ere e F.14
Angular differential fission yield..........cooooiiiiiiiiiiiii e F.15
Energy differential fisSion Yield ........c.cooouieiiiiiiiiiiiiiiieiiece e F.16
Double differential fisSion y1€ld..........ccoeviiiieiiiieiiieeiie e F.16
Average kinetic energy of a fission product............ccceeeiierieriiiiiieniieeiece e F.16
Average total kinetic energy of fission products...........ccccveeeeieeerieeeiieeeie e e F.17
Fitting CoeffiCIENtS....uueicrvriiisrinisnisssnncsssnncsssnncssssncssssicssssssssssssssssesssssssssssossssssssssssssssssssssssses F.18
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COSINEG COCTIICIENES ....uvviieiiiieiiieeeieeeetee et et e et e e e etae e e teeeebeeesaseeesaseeesseesssseesnsseesnseeesnseeans F.18
Legendre COCTIICIENES .....ccuiiiiiiiieiiecie ettt ettt teesbeebeessseenneens F.19
Associated Legendre polynomials of the first Kind..........cccooooviiiiiiiiniiiiceeee e, F.20
Sine-squared COCTTICIENTS. ......ccuiiiiiiiieeie ettt ettt ettt ssaeeaeeennas F.21
Cosine-sqUAred COCTIICIENES. .....ccccuiieiiieieiieeciee e et e e ste e et e e e e e e st e e sbee e aeeeseseeesseesnsseens F.21
FIAES ceeriinniiinniiinnnnicninnicsssnissssncsssnesssssesssssosssssossssssssssssssssssssssssssssessssssssssssssssssssssssssssssssnsssses F.22
Data heading FLAG........oooiii ettt ettt e F.22, FM 7.15
Data heading DECAY-FLAG .....ccccooiiiiiiiniiieieteenetee et F.23,FM 7.8
Data heading LVL-FLAG .......ccoooiiiiiieiieeeeeeeee ettt F.23, FM 7.19
FIEe TeXt.ueeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseessesssssesssssssssssssssssssssssssssssssssssssssnssnnns F.24,FM 3.3
T ] 1) 1 OO F.26
DS 11103 o DRSPS F.26
Evaporation residue ProducCtion............cccueeiuieeiieniieiie ettt sre et sae et e seaeeseesaae e F.26
QUAST-TISSION ...t e et e ettt ettt e e e ettt e e et e e e eeabeeeeeeaaeeeeeeasaeeeeessseeeeeaseseeeessaeeeanns F.26
Deep INClAStIC SCALETING ....eeuvieitieeiieriieeieeeiieetee ettt ettesteesteeeaeesteeseseesseeenseessaeenseessseenseenssens F.27
QUASI-ClASTIC SCAETINEZ ....cuveieeiiieeiiieesiie et e et e e et e e et e e eteeesaeeessbeeeaseeesseeesseesnnaeessseeennsens F.27
SUIM TULE. ..ttt sttt et sbt e bt et st e b et eaeeaes F.27
G
GaANMIMA SPCCITA.ccueciiiirisenssennsrenssenssaesssnesssesssnssssssssassssssssssssssssssssssssssasssssssasssssssssssssssssassssssssns G.1
Intensities of discrete gamma [INES.........c.ccoveeiieiieiiiieiieeie et e G.1
Spectra of CONtINUOUS ZAMIMAS ......ceoueeutiriieiirienieeteetente ettt ettt eteseeesbeetesaeesaeeeesaeens G.1
Partial radiation WidthS.........ccceiiiiiiiiiiie e G.1
General Quantity MOdIfICrS....cuuciiuenreenirensenisnensenssnessnesssecsanssssesssnssssessasssssessssssssesssssssassns G3
ANOAIFIET .ttt ettt sttt ettt G3
FOTAMOMIIET ...ttt ettt et ettt st be e G3
RELA-MOGIIET ...ttt st ettt e sae e G3
RAW AMOGIIET ..ottt ettt et sttt st e b e G3
IMISCMOIICT . ...ttt ettt ettt b e sae e G3
AV AMOAITIET .ottt ettt st ettt e sateesaneeas G4
Spectrum average MOAIFIETS .......coiiruiiiiriiiiietece ettt G4
H
HAIEIIVES conneiiiiiiiiiiiiinieicnnticsntecsnnicinnesssncssssnessssscssssesssssessssesssssesssssssssssssssssssssssssssssssssssssss H.1
Keyword HALF-LIFE .......coooiiiiiiieeeee ettt H.1,FM 7.1
S€€ AlS0: DECAY DAtA.....ccccuiiiiiiiecieeecee e e aae e s aaeesanee e D.5
HEAGINGS ..ottt ettt ettt e a e e nb e e taeenbeeaeeenbeennaas Dict 2
Links between reaction quantity and data headings ...........cccccveeeviieerciieeniee e, FM 6.10
5 0] 1) ) R H.2, FM 7.16
5 DT 0] o O e [ N RS US H.2
HiStOTY COAE C ..ottt sttt st H.2
HIStOTY COAE D ..ottt ettt et et e ssb e et e enbeesbaeesseesaesnseens H.2
HiStOTy Code Rttt et H.2
HISTOTY COAE U ..ottt ettt ettt e et e st e e aeessbe e seeesseesbaeesseesaennsaens H.3
HISTORY Coding in the Common SUbENtry ..........cccceevuerieniriiinienieieneeneereeeee e H.3
I
Incident Beam Source ..l.1
Keyword INC-SOURCE .......cccooiiiiiiiieieeeeeeee e L1, FM 7.17
PROTON SOUTCES .....eiaieieet ettt et ettt et e st e bt e et e beeeabeenbeeeateenneas I.1
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INCIdent PATtiCles ...cccouiienvuiiiisiiiisniiiiniininiensnicssnncsssnecsssnecsssnesssssssssssssssssssssssssssssssssssssssesssase 1.2
INCIAENt-ProOJECtile CNETEY ...ccuvieivieeeiieiieeiieecieeeteetteete ettt et eebeestbeebeeseseesseessaeesseessseenseas 1.2
INVETSE KINEMALICS ...ttt ettt sttt e st e st e b e saeeeneeas [.2
INUCIEAT QUANTIEIES ...evveeeieeiiieeiie et eeite ettt e ettt e et e stte et e e teeeabeesseessbeebeeesseenseesnseenseesnseenseennne I.4

INCONETENT SCALETING ....vvieiiieeeiiie ettt ettt e e e rate e et e e ebeeeerteeesaeeensaeeensaeesnseeennns T.4

Independent and Cumulative Data .........eccoeeiiiviicnininnsnicssnnicsssnisssseesssnesssnssssssssssssssssssssssses LS
Nuclides never coded as the reaction product (SF4) with SF5=CUM............cccccevrrvrerrrennnnn. 1.7
Conditional cumulative CroSS SECHION .......uieeuiieeiiieeiieeeieeeeiieeeieeesreeesereeesereeeeereeesaseeeeseeennns 1.7

Independent Variables.... ... eiecieiicisencnssnncnssnncssssnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssases I.8
Independent variables in reaction COMBINALION ..........evoviiriieiiieriieiie ettt 1.9

INSEIEULE coeeeeeeerieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeseeesesesessessssssssesssssssesssasssssene 1.10, FM 7.18, Dict 14
Institutes not listed in the institutes diCtONATY .......cccueeiiieiiiiiiieieeeee e [.10
INSHLULE OF FACTIILY .uveeiiieiieie ettt et et st e e I.10
Compilation responsibility if institutes from different service areas are involved................ I.10
Separation Of €NtrieS DY ArCAS........cccuieiiieiiieiiieiie ettt ettt e te et e e beeseaesbeesaaeenseenenes I.10

Interdependent Data...........c.oeiiiieiiiiecie e e e e e e e e e enaeeen S.21

Isobaric Analogue Resonances L.11
DIETINTEION ...ttt ettt ettt e b et ea e s bt et eat e ae et et e nneenee I.11
COAINE .ttt ettt ettt et s b bbbttt et eb e bt et ebe e bt et e bt e b ennes [.11

ISOMETIC SEALES ..ueeeueiiieiiriiiiicstiineiniecnticsntistecsseessicsstissesssessssessssssssssssasssssssssssssssssassssssssases I.12
D53 1103 o DRSSPSR I.12
COAING ..ttt ettt et e et e et e et e esbeessseesbeesaseesseessseensaeesseesseensseensaessseenseennns [.12
AsSIZNMENt OF ISOMETIC STALES ...eevuviieeiieeeiieeeiieecieeeeieeeeteeesteeesaeeesaaeeessaeeeereeesaeesnaeeenneeas I.12
Uncertain iSOMEric CONTIIDULIONS. ......ccuieruiieiieriieeitiesie et esiee et esite bt e seeeeaeesseeebeeseaesnseesseeans I.13
QuUAST-MELASTADIE STALES. .. ..cciuviiiieeiiiiie ettt e e et e e et e e e e earee e e eetaee e e eearaeaeeaans I.13

J

JOUIMALS ..ottt e e e e e e e e e aaeeeeeeeeas FM 7.29, Dict 15

L

Legendre COCTTICIENTS .....cc.uiiiieiieeieeiee ettt ettt saae e b e s eaeebaesaaeenseennnas F.19

| AT B D 13131 OSSPSR N.3

Level-Density Parameter ..........c.coiuiiiiiiiiiiieieeieese ettt sttt ens N.2

Level Properties: keyword LEVEL-PROP .........cccoooiiiiiiiiiiciiceececeeceeee e FM 7.19

Light-Nuclei Reactions (Z<0)....ccccceevveeecinrcninressnrcssnecssssncssssesssssesssssssssssssssssssssssssssssssssssssss L.1
Breakup TFEACLIONS .....eiviieiieiiiieiieeiie ettt ettt ettt e ettt e e be et e s beesaessseeseeesseensaessseenseessnas L.1
INCULTON TEACTIONS . .....vvieeitieeeitieeeiteeeeiteeeetteeeeteeeeteeeebeeessseeesssaaesseeasseeassseassseeassesessseeensseeenssens L.2

M

Measurement TECHNIQUES ......cccevvveericsissanricisssnniccssssnsicsssssssesssssssssssssssssssssssssssssssssssssssssssssssns M.1

Metastable States, see
ISOMIETIC SEALES ...ttt ettt e bt st e bt e et et e et e ebee e [.12

Miscellaneous DAta .......cccccceeeeeeeceeccrscssnsereecccsssssnnsssesecessssssssasssssessssssssssnssssssssssssess M.3,FM 7.21

MSC (Miscellaneous) MOAITICT. .......cccviierieeeiiee et ee e e re e e aaeesaeeeenseeenenes G3

IMOMEIEUITY L. e e e e et e e e et Q.1

Monitor, see
SEANAATAS ..ottt e e e et e e e te e e s ae e e e be e e e baeeearaeeeabaeenaraeenaaeeans S.17
Keyword MONITOR..........ooiiiiieeeieetee ettt ettt FM 7.22

Multilevel Resonance Parameters M.4
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RESONANCE CNETZY ...eeiiiiiiiiiiiiiiiee ettt ettt e e et e e e et e e e s eabeeeeeaes M4
RESONANCE PATAMELETS ....eeiiiiiiiiiiiiiiiiie ettt e e e e e et e e e et e e e e sabeeeesenbteeeennns M4
Reich-Moore formaliSm .........ooo.ioiiiiiiiiii e M.5
VOt FOTMALISITL.....eiitiiiiiieiie ettt ettt ettt et e st e e teeenbeenbeesnseeseesnsaens M.6
Adler-Adler formaliSm .......oouoiiiiiiii e e M.6
R-matriX reSONANCE PATAIMELETS .......eeviereieeiieriieeiienieeteesieeeteeteeeseesseessseesseesnseeseesnseenseesnns M.7
Multiple Reaction FOrmaliSm ........ccccecvveriiciisnniccsssnnricsssssssecsssssssssssssssssssssssses M.8, FM 5.2, 6.
Multiplicity and Product Yield.........ciieiiiiisiiiisiicnseicssnncssnnicssnnscsssncssssnessssesssssesssnes M.10
DI INITION ..ttt ettt et ettt ettt aees M.10
Partial MUIIPIICIEY «..eveeeiieiieee ettt ettt et M.10
NEUtron MUILIPIICILY ...veeuvieiiieiiieiie ettt ettt e eaaeesbeeesbeesaessaeenseenens M.10
MUILIPOIATILY covverirnriirsnninssnnicssnnecssnnessnncssssnessssnessssssssssecssssesssssesssssssssssesssssssssssssssssesssssssssanes M.11
DIETINTEION ...ttt ettt sb et ettt et b et et be et eanen M.11
N
Neutron Yield, see Fission Neutron Yield and Multiplicity
INODECIASTIC .cueiiireiesneecsntecsneecsneeisneesisneesssnecsssseesssnesssasessssnesssseessssssssssnsssssessssssssssssssssssssssasssses N.1
DIETINTEION ...ttt ettt ettt ettt b et et sbe et et sb e et nae e N.1
X RSP SUSRPRR N.1
Nuclear QUANTILIES c.ccccciirrrrreeiiiiceiiisscsssnsstreccsssssssnssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssses N.2
Spontaneous fiSSION, SEE TISSION ....ecvviieriieeiiieeiiie et et e ereeeeeeereeesaee e eesnaeeenareeeneeeennne F.1
Level-density PATAMETET .........cocuiiiiieeiieiie ettt ettt ettt ee sttt e st e et e eabe et e e saeeeabeeneee N.2
NUCIEAT LEMPETALULE ....cuvieeiieiiieiieeiieeiie et eeee et e eteeteesteeebeeseseeseessbeesseessseenseessseenseessseensens N.2
LeVEL AOTISTEY ....eeuieeetieie ettt ettt ettt e et e bt e enb e e bt e et et e enteenbeennee N.3
SPIN-CUL-OTT FACLOT ..ottt ettt et st et e e aaeeneees N.3
Nuclear Resonance FIuOreSCenCe.... .. ieueeinieiiiseicssunecssnnnisneessnecsssseessssecsssssssssssssssesssssasssses N4
Resonance area (integrated Cross SECION) ........cecvieruieriieriieniieiieeieeieeseeeiee et saeeeree e N.5
Numerical data fOrmat ..........ocooiiiiiii e e FM 4.2
0
OULZOING PartiClesS...uuuiiiueiiiiiiinienisnensinissenseinsnensensssessessssecssnssssesssnssssessssssssesssassssessassssasssns 0.1
Particles participating in @ TEACHION .......eecvieereiieeiieeeiiieeeiieeeieeesteeeseaeeeateeeseeesaeeesaseeensseeens 0.1
Particle CONSIAETEd...........cooiiiiiiieiiee e e 0.2, FM 6.
DIEEINITION ..ttt ettt et ettt e b e st be e 0.2
Particles/radiations detected .........ccueiiiiiiiiiieciieeeeee e e 0.2
PartiCIe PAITS ...ttt e et e et e et e e et e e et eeenbeeeenneeeennee s 0.3
Variable number of emitted partiCles ..........coceviiviiiiniiiiiiiic e 0.3
Undefined reaction Chanmnels ............coooviiiiiiiiiiiiinieececeecee e 0.4
P
PaTIEY ..ottt ettt e et e et e et e e bt e etbe e teeeabeebeeenbeeseesnaeans Q.1
Partial REACTIONS ...cccuueiiiieiiiiiriiiniiisnincssnencsseeccsssnesssnnessssecssssesssssesssssessssssssssesssssesssssessssssssssanes P.1
DIETINIEION ...ttt ettt et sb et b e bt et ebe e bt et ebe e b et e bt e b P.1
Gammas in the CONtINUUM FEZIOMN.........eeiiiriiieriieiieeieerieeeieeteeereesreeebeeaeesbeesseessseenseessseensns P2
Excitation level of intermediate NUCIEUS ...........ceeeiiieiiiieiiicce e P.2
Same reaction products through different decay path ..........c.cccoveveiieiiiiiiiniiiiiceceeeen pP.2
Reactions characterized by a secondary energy which are not partial ..........c.cccoeeerieenennne. pP.2
Particles, see
OULZOING PATTICLES ...eeiiiieeiiieciie et e e e e e e et e s tae e esaeeeensaeessseeeenneees 0.1
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Keyword PART-DET ...ttt FM 7.25
P VAU . ettt s b e ettt nae e D.9
POINTEL'S couueieiniiiiniiniteinintecssnnecssnnncsssnecssseesssseesssssesssseessssessssssssssssssssasssssssssssssssssnsssses P4,FM 5.1

Caution t0 COMPILETS.....ceiuiiiiieiieeii ettt ettt ettt ettt e et eesee e beesaaeenbeeesaeeseesaseenseenenas P4
POIATIZATION .euueeeenneiriniiiiiiiiiintienineeenintecssneecssnescsssnessssnessssesssssesssssesssssessssssssssssssssssssssssssssassssanes P.5

Basel convention for Spin-"2 PartiCles ...........cccueeiuieriieiiienie et P.5

Madison convention for Spin-1 PartiCles ........cccceevuiieriiieiiieeiie e e P.6

Additional CONVENTIONS......c.uuiiiiiieiiiieeiieeeiee ettt et e e e e eaaeeeetaeeetaeessseeesseesnsseennneas P.6

Quantities given in Cartesian coordinates compiled in EXFOR ...........cccooovviiiiiiieniienenen. P.7

POLaTIZAtION ......iiiieiie et e et e e e e e ta e e e aa e e eba e e sbe e e s abeeeeabaeenareeeanreeans P.7

F NS 101110115 OSSR P.7

SPIN-SPIN ASYIMIMEIIY «..cvviiieniiiiiiittete ettt ettt ettt et st sb et ebee b et saee bt et e sbeenneennenaee e P.8

ANALYZING POWET....ocuviiiiieiieiit ettt et ettt et e tteste e bt e sabeebeessbeesseassseeseesaseenseessseenseessseenne P.8

Initial state spin-correlation ParamMeEteT.........cccviieriieeiiieeiee ettt evee e e e e e es P.8

Final state spin-correlation parameter (not presently compiled).........ccoeoeevvienieniiieniennnnne. P9

SPIN-TOLAION PATAIMETETS ...eevvieeiiieeriiieeiieeesteeeitteeeitteeesteeeeseeesseeessseeessseeessseesssseesssseesssseenns P.10

Total SPIN-TTANSTET......ccuiieiiieiieiieee ettt ettt e st e e teesaaeebeesnseenseens P.10

SPIN-tranSfer PATAMELET ......ccuiiiiiiieeiie ettt eee et e e e e beeennbeeenaeeens P.10

SPIN-FIIP PATAMELET ......eouiiiiiiiiieet ettt et st P.10

SPIN-TOtatioN fUNCHOMN......uiiiiiiieiiie et e e e e e e e eaaeesaaeeea P.11

Quantities given in spherical COOrdiNates...........oc.eiiiieiiieriiierieiieee e P.11

Madison convention for spin-1 PartiCles .........cceoviieiuieriieiierii et P.11

POJATIZATION ...ttt ettt ettt ebee s P.11

ANALYZING POWET....ocuvieiiieiieeiie ettt et ete et estte e bt estteeteesaeeesbeessaeeaseeseesnseeseesnseenseessseeseens P.11

Associated INFOTMAtION.......oc.uiiiiiiiiiiieie ettt sttt ens P.12

Polarized beam SPeCIfICAtION .......ccuieiuieeiieiiecie ettt et e ssaeebe e ees P.12

Polarized target SPECIICATION. ......cccviiieiieeeiieeeiee ettt e et e et e e ae e e ssreeesnbeeenaeeennnas P.12

Comparison of notations for Spin Parameters. ..........cocuereeruerriereerierienienieere e P.13
Preliminary Data........ccciiiiiiiiiie ettt ettt ebeeereeennas S.20
Production and Emission Cross SeCtiOnS.......ccoeeeiveecssnicssnnicssnicsssnesssseesssnessssnssssssssssecses P.16

DIETINTEION ...ttt ettt et e bt et e et et e st e e st e bt et e eneebeenne e P.16

Isotope production cross section for natural SAMPLe .........cceceeviiiiiiiiiiiiiiieeeeeee P.16

Probability for emission of N PartiCles........c.oeoiieeiiiriiiiiieiieeieee e P.17

Unweighted production CroSS SECHION.......cuvieriieeriieeiieeeitieeeieeesieeesaeeesaeeesreeessreeesaeeennnes P.17

Production cross section defined with excitation €nergy ..........ccceecveeiereiienieriieenienieeneens P.17
PrOAUCES couueeeinniiinniiiiieininneinntecsnencsntecsseesssnessssnessssssssssssssssesssssesssssessssssssssssssssssssssssssssssssses P.18

Products of two or more REACTIONS.......cccuoiiiiiiiinieieiieniteeceeseee et P.18

Products implicit in the qUantity COAES.........coviiriiiiiiiiieiieeie ettt ees P.18
Q
QAVALULS ..ttt ettt et e a et et h ettt e e h et e b e ehe et entesaeeteas P.1
QUANTIEY ...ttt ettt ettt et e et e bt e st e e bt e et e et e et e e saeeenbeenneas FM 6.6, Dict 32
QUANTUIN NUINDETS «.ueuureeeeeeeeeeeeeeecsssssaneeeeeccecsssssnssseeseessssssssanssssesssssssssssasssssessssssssssnsssssssssssssss Q.1

Resonances of compound NUCIET .........eeiuiiiiiiiiieiiiee e e Q.1

Excited states in product NUCIET........cc.eeriiiiiieiieciiee e Q.2
QUAST-FISSION ...ttt e e et e e e ettt e e e e e ate e e e eeateeeeeaaraaaeeennees F.26
QUASI-MELASTADIC STALES .......eeiiuiiieiiiiecitie ettt e e e et e e e tae e etaeeeaaeeeeereeenans [.13
R
R-Matrix Resonance Parameters..........cocuevueeierieriiiiinienieeie sttt M.7
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RAVALUES ..ttt ettt e e e e ta e e eta e e s baeesbeeesabeeesabeeeenreeennreeans F.14
KeyWord RAD-DET ......ooiiiiiiiieee ettt sttt st FM 7.26
RATIOS cuutiiiniriitiinttiinitticnntecsntecsntecintesssesssseesssneessssesssssessssssssssssssssssssssasssssnssssasssssasssssasssnes R.1
Ratios Of tWO OF MOTE TEACTIONS. .....ceruiitiriiertieieeiterit ettt ettt ettt et st nbeeneesaeeaes R.1
Ratio of reactions with different independent variables...........cccccceeeviieeiieecciienie e R.1
Frequently occurring REACTION TatiOS .....eeevieriieiiieiieeiiesiie ettt R.1
Ratios implicit in the qUantity COAES ........c.uirriiiiiiiieiiieeeeeee e R.1
ISOIMETIC TALIOS ...eieuevieeiieeeiiee ettt e ettt e ettt e e e e et e e st e e e eabea e taeeessaeessseesnsaeesnsaeesssseessseeessseeennseeas R.2
Parameter code RAT .....oouiiiiie ettt R.2
RAW DAt..ucuciieiiiiiiiiiiiiniinininiininncnisicsssicssssicssssssssssesssssssssssesssssessssssssssssssssssssssssssssssssssssssss R.3
DIETINTEION ...ttt ettt ettt et ea e bt et e eate bt et e eatesae et et e naeenee R.3
Voluminous files of "Raw" data stored on special archival tapes..........ccccceevveeiieniiiiennene R.3
Reaction COmMDINATIONS ......ccueiiirieriieieriieteeteeit ettt ettt ettt st sae et saee b enees FM 6.7
Reaction MeChaniSIms .......ececeeeiiieiiiniiiinecninicssnecssnecssnecsssescsssessssseessssessssssssssssssssssssssasssses R.4
Compound-nucleus interaction and direct iINtETaCtioN.........ccceeerveerieeriierieeriienie e sie e R.4
High-energy and low-energy components of Cross SECtION.........cceeevveeerveeeiveeeiieeeeieeeeeneenn R.4
Spallation and high-energy fiSSION ..........cccueriieiiiiriiiiiee e R.5
Reaction Product.......eeeeeicieeineiisinneinsninnnensnennecssseinenssessesssesssssssssssesssssesseses R.6, FM 6.4
D53 1103 o DR PSPPSR R.6
Variable PrOAUCE .....c.eiiiiiiiiciiciece ettt ettt e e be e beeesbeesaessbeesseessseeseessseans R.6
REACHION RALE .....eiiieiiiiciiieceeee ettt et e e et e e e aa e e s aa e e ssaaeeenreeennneeennns T.6
Reaction SPeCIfICAtION .........coiieiieiiiciiecie ettt et e et esebeesseessaeennaes FM 6.1
ReEACHON YICIA ... sttt et st T.14
REFEICIICE .uuccneeenrecniiinintenitictinneeniecntecatisaesssesssseessnssssesssessssessssssssssssassssessssssssssssassssessassss R.7
Keyword REFERENCE ........ccoooiiiiiieee e R.7, FM 7.27
Private COMMUIICATIONS ....vuvviirieiieiiiiiiieiieeeeeeeeeeiateeeeeeeeeeessaaeeereessssessnrasseeeesesens R.8, FM 7.30
LO10) 43S (31 011 RO R.8, FM 7.28
REPOTES ...ttt ettt e et e et e st e R.8, FM 7.29
Progress reports and abStracts...........covveriiiiieriieiierie ettt ens R.8, FM 7.29
PaPeT NUIMDET .......eiiiiiiii ettt ettt e et e bt e e b e beesateenbeeenee R.8
Compilation in SEPATALE CNETICS .....veerveeereereeeeieeriieeteerteeeteesteeereesseesseesseeeseesssesseesseeesseenses R.9
Keyword REL-REF .......oooiiii e R.9, FM 7.31
Keyword MONIT-REF......ccccooiiiiiiiiiiiieeeee et R.9,FM 7.23
Reich-Moore FOrmaliSmi.........couiiiiiiiiiiiiiiieee ettt s M.5
Relative Data, see
RELAMOGIIET ..ttt ettt ettt et st e b G3
RALIOS ..ttt ettt ettt et h et et s h ettt bt b et nae e R.1
| 2S] 0101 £ SRSPP R FM 7.29, Dict 16
RESOIULION c...eneeriiniiiiiiiiniirinitiensnticnsnnicssnticssstiesssnessssnessstessssnesssssssssssesssssssssssssssssssssssssssssses R.10
Incident-projectile energy reSOIUtION. ........ccvieiierieeiieeie ettt ettt R.10
Secondary-energy reSOIULION ..........evuieiiriirierieriertteteet ettt R.10
ANGUIAT RESOIULION......cviiiiiiiiiciiecie ettt e e et e e e et eeebeeseeenneenneas R.10
Resonance INteGral........uiiccicveiiciiinniicnisnniecsssnnicssssnsnsssssssssessssssssssssssssssssssssssssssssssssssassssssss R.11
DIETINTEION ..ottt ettt ettt sb ettt sttt et e bt e et sbe et eanen R.11
Infinitely dilute resonance IMNEGTalS .........cc.eeevuiiieiiiieiiieecee e e R.11
Resonance integrals over smaller nergy ranges........coocveveeeieeriienieeniieniieeniie e eee e eeees R.11
Reduced resonance MEETalS ........cc.eieciieeiiiieeiiieceeecee e R.11
Resonance integrals calculated from resonance parameters.............cceceevveerieenveeneeneeennen. R.11
EffectiVe reSONance ENETIEIES ......ccccueeiriieeiiiieeiiieeeieeesieeeeieeesereeesteeeseaeeeareeeaneessneesnseeennnes R.12

Resonance Parameters, see

June 2022 X



LEXFOR

AVErage reSONANCE PATAINELETS ....ceuvieerureeeriiieeiteeeiteeeriteeeiteeetteesteeesnteesbeeesabeeesaseeenareesnnees A9
Multilevel reSoNance ParameEterS ..........cccveevveerieeriierieesieenteesreeesreesseesseesseesseesseessseesseessseenns M.4
Single-level reSoNance PAramMELETs ........c..eeecueeieveeeiiieerieeerreeestee e eeesteeeseeeesseeesaeeessseeenees S.8
Unresolved resonance parameters: see average resonance parameters.........c.eeeeeeeveerevernneans A9
KeyWOord RESULT ..ottt sttt ene et enseeneens FM 7.31
S
S ACTOT ..ttt sttt ettt s neee A7
SAMPLE ccuererriiirsrnnicsssssniesssssnressssssssessssssssssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssse S.1, FM 7.32
SaAMPIE thICKNESS ....eeeiieiiiieiiieie ettt e te et esabe e eeeeateebeesabeenseens S.1
N ER10] o) (S 1S 101 0Tl ¥21101 (<SRRI S.1
SCALLETING ceeeureerrrrcsuenssenssaenssnnssannssnesssnsssnesssnsssnesssnsssassssesssnssssessssssssssssassssssssssssassssssssassssasssssssanss S.2
DIETINTEION ...ttt ettt ettt b ettt e bt e e eat et e et e eaeebeeneesneennean S.2
TOtAl SCAETING ...cuveenvieitiiieieeet ettt ettt et b e et sb et et sbeeaesaeesbeene S.2
ElaStiC SCAtLETINE ... .eeiiuiieiiiie ettt ettt ettt etee et ee ettt e et eesaaeesnbteesnseeesnseessnseeennseeens S.3
INEIASEIC SCATLETINE ...eeevveeeiiieeiiee ettt e eite e e iee et e et e e et e e e e e e etaeeesaeessseeessseeessseesasseesnsseesnsseeans S.3
POteNtial SCATLETING ....cvvievieiieeiieiie ettt ettt ettt ettt e et e e e e e beesaaeebeeenbeenseesaseenseesnnas S.4
(070700 0) 14 o TRl or: 11 1<) o 1 1RSSR S.4
Ratio to Rutherford SCAttering ..........ccceevieiiiiiieeiieie e et S.4
MOt SCATEETINIEZ ...eeeuevieeiiieeiiee ettt e ettt e ettt e et e e e teeessaeeessbaeessaeessseeesssaesssseesssseessseeeasseesnsseesnsseeans S.4
Thermal SCAETING .....cc.veruiiriiriiriiete ettt sttt et sb et et saeebe s ne S.4
Scattering AMPIEUAE .....c.eoeiiiiieiiieieee ettt ettt e s teeesbeessbeebaessseesseensnas T.4
SeCONAArY ENCIZY cccueeenueeiriinsennsnensenssnensnnssnesssnssssesssesssassssesssnssssssssssssssssssssssssssssssasssssssssssssses S.5
D1 510112 (o) s BSOSO USSR PUSRRRPRSRR S.5
NUMETICAL VAIUES ...ttt e et e et e e e saa e e etaeesaeeeeaseeesnseeenseas S.5
Keyword EN-SEC ..ottt sttt et S.6, FM 7.12
AVETAZE KINCTIC CNETZY ..eeivvieeiiieeiiiieeiiie ettt eeiteeeieeesteeessaeeessseeesseeeseeesseeessseeessseeessseesnsseeens S.6
Most probable KINEtiC @NETZY ......ccuvieiiieriieeiieiie ettt ettt e ebeesaaeebeeeenas S.6
Secondary linear MOMENTUM .........ccccuiieiuiieeiiie et see et e e e e et e e e e e e ssteeesnaeeennseeennns S.6
Keyword MOM-SEC........cooiiiiiieiieiecetee ettt S.7,FM 7.21
Secondary Energy DIStrIDULIONS ........ccouviiiieiieiiieiiieeie ettt eveeteesee e e seveeseessaeensaesanaens D.16
Secondary Momentum DiStriDULIONS .....c..oeuviruieiiiriiniiienicieeicse et D.17
SEIf-INAICALION. ... .ottt ettt et e bt et ea e bt et se e e sae e b e eneeees T.17
Single-Level Resonance Parameters ........o.ceoeeeneenseecsencsnensaecsssecsannes ..S.8
RESONANCE CNETZY ...vveeitieeiieeiie ettt ettt ettt e s e et e e b eeeateeensbeesnsaeeensaeesnseeennseeens S.9
Resonance Width (1) .....c.oeoeii et S.9
Reduced neutron Width.........cocooiiiiiiiiiiiii e S.10
Peak CTOSS SECHIOM .....eeuiiieiiieiie ettt ettt ettt et e st e bt e eabeesaeeeabeens S.10
RESONANCE ATEA ..ottt ettt ettt e e e e ree s S.11
Resonance Stren@th.........cooviiiiiiiiicceee et S.11
Special rePreSENTAtIONS .......cocueeiiriiiriiriirtete ettt ettt ettt st sae e b enes S.12
SPAILATION ..ottt ettt et e et e e et e e bt e ssbeebaeeaaeesseessbeensaessseenseessseenseeenseenseenens R.5
SPCCIIUIN AVEIAZE..uuverreersrensnessaesssnesssesssnssssassssssssasssasssssssssssssssssssssssssssssssssssassssassssasssssssasses S.13
MaXWEIIAN AVETAZE. ... ..eeovieeeiieitieeieeeiieeieeetee et etteeteesteeebeesseeesbeesaeesseesseesssaessseesseesssessaens S.13
Epithermal Spectrum @VEIaZE .......cc.eevuiruiiriiiiiniiiiietene ettt S.13
FiSsion-neutron SPECtIUM AVETAZE .......ceeuuieuiereieeiieeieeieesieeteesteeenseesseeeseessaessseesseesseesseenns S.13
Fast reactor SPECIIUM @VETAZE ....ccuvvveieeeiiiieeeiiiee ettt ee e et e et e e e eetaee e seebeeeeennnaeeeeas S.14
Bremsstrahlung SPectrum QVETAZE........cccuveruiieiieriieeiieriieeiteeiieeteesite et eseeeeteeseeebeessneeseens S.14
Average over “good resolution” bremsstrahlung spectrum............cccccveeveieercieencieeeiee e, S.14
Slowing-down time SPECtIUM QVETAZE .......eerveeruieeriierieetieeiieeieesteeseeseeeseessreeseesseeeseensnes S.15

X June 2022



LEXFOR

Spectrum average (unspecified SPECtIUM).....cc.ervuiriirieiiiriereeierteeetene et S.15
Characteristic energy Of SPECLIA ......ccvieriieiiieiieeiieeee ettt stee e sreeesbeeseaeeeseensee e S.15
N0 s PSS Q.1
S€E AlSO: POLATIZATION ..ottt ettt P.5
SPIN-CUt-OFF FACLOT ....eiiiiiiiciie et ettt e et e e staeeesaeeesaeesssaeesnseeennseeas N.3
SPONLANEOUS FISSION.....ccuiiiiiiiiieiiieiie ettt ettt et e et e s eeteeeteesbeessseesaesnseenseennnas F.1
SEANAATAS c..oonneeiinniiiiiiiiiiiiiieiennticnistieissttessstecsssteessssessssssssssssssssssssssesssssssssssssssssssssssssssssssssses S.17
Entry of standard values into DATA or COMMON ........cccccoiiiiiiiiiniiiniiineeneceseenieee S.18
Commonly accepted neutron reaction standards............ccceevieeciieriiiiieniiecieee e S.18
Statistical WEIZNE @ ...c.eiiiiiiiiii et Q.1
STATUS cvvrirniiireiiniiiiinseecsenssticsneissstessnssssssssessssssssessssssssesssassssssssassssessssssssssssassssesssase S.20, FM 7.33
Preliminary - superseded - final data...........ccccooiriiiiiiiiniiniieee e S.20
Dependent data ..........cccvieeiieiiieiiieieeie ettt sttt et enbeeaeeenbeeneas D.11
F LA 0 g 00) o) (o) ¢ | E PSSR S.20
Source Of the data ........cocuiiiiiiiii s S.21
Correction and TEASSESSIMENL ......cc.ieiuiiiiieiie ettt ee et e et et e et e st e e bt e st e ebeessteenbeesaneebeeas S.21
Interdependent data and complemental reSults............ccceeviieriiiiiiiniiiiieeceee e S.21
Unobtainable data...........coeiiiiiiiiieiiee ettt S.22
Translation from older lIDTaries.........cccuieeeviiiiciiiiciie et S.22
Strength FUNCHIONS ......viiiiiieiie et et et e et eeaae e e naeesnneeesnsee s A9
SUINS covveiiiiniinisnnecisnnessssnessssncssssnessssecsssseessssssssssesssssesssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssns S.23
Frequently occurring REACTION SUML.......ccociiiiiiiiieiiieeieeeieeeeeeeiee et e S.23
Production from several contributing target nuclides...........cccveeviieeiiieeiiieeccieeeee e, S.23
Sum of unresolved partial QUANLITIES ........c.eeeevieriiiiiieiie et S.23
Reactions to SUMS Of 1ISOMETIC SLALES .......eeeviiriiiiiieiiie ettt S.24
SUPETSEAEA AL ..o et eb e e S.20
Supracumulative CroSS SECHION .....ccuiieeiiiieiiieeeiieeeiee et eesieeesteeesteeeseaeestaeessaeessseeessseeensseeanns 1.7
System IAENTIFIETS .....coueiiiiiiiiiiee et s FM 2.1
T
TArGEt NUCICUS ..cuueriiririiiiriiiniinsnnicsstticsssnecssnnessssncsssnessssesssssssssssesssssssssssesssssessssnesssssssssssssssnes T
TAULOLOGIES c.uvererrrrressnressnrcssnrcssanissssrsssssnsssansssssssssssssssssssssassssssssssssssssssssssssssssssssssnsssssasssssanss T.2
Temperature, see
N ER10 o) (S 1S 101 ol #2110 (<SPPI S.1
NUCICAT tEMPETATUIE ....ccuvvieeiiieeiieeeiieeeieeeetee ettt e et e e et eeeteeestaeessbeeessseeesseeensseesssseesnseeennses N.2
TEINATY FISSIOM ...tiiuiiiiiiieiie ettt ettt ettt et et e e teesaae e bt e ssbeenbeesnseenbeessseenseennseenne F.2
Thermal Neutron ENErgies......iicciisriicssssniicsssssnicsssssssssssssssssssssssssessssssssssssssssssssssssssssssssss T.3
Thermal-Neutron SCAtterinG........ccovveicrsrrrcrsricsssrecsssrecsssnesssssesssssssssssssssssssssssssssssssssssssssassases T.4
51570 ) PSPPSR T.4
COAINE ettt ettt et b et e it e btesb et eeatesb e et et e bt ene s T.4
Coherent and incoherent scattering length ............ccccoeeieiiiiiiiniiciieccece e T.4
Contribution of potential scattering and resonance sCattering...........cccceeeeereereereereererseeneens T.4
Coherent and inCONETENt SCALLETING ......ccveerurieiiierieeiieiie ettt e eeeeaeeseeebeeseeeeseesaseesseesenas T.4
INCONETENT SCATLETINE. ... .eeutieiieeiieiie ettt ettt ettt ettt et e st e e bee st e ebeeeateenseeennas T.5
Cross section of hydrogen in hydride molecule ............cccooviiiniiiiiiniiiiiiceeee T.6
Thermonuclear Reaction Rate........ueiceeecneiiiieiiisniiniiinnsnenssninssneecssseesssseesssseessssecssssscssanes T.7
DIETINTEION ...ttt ettt ettt sb et s b ettt she et et sb e b et e bee b T.7
Thermonuclear S-TaCtor ..........ooiiiiiiii et A7
Thick- and Thin-Target Yields.......ccccceveeervrirssnrcsssnncssnncssnnecsssnissssnessssnsssssosssssessssssssssssssses T.9
Saturation thick/thin-target Yield..........ccooieriiriiiiiiieiieeeeee e T.10

June 2022 xi



LEXFOR

End-of-bombardment thick/thin-target yield............ccoooieiiiiiiiiiii e T.10
Physical thick/thin-target Yield..........cccooouieiiiiiiieiiececeee e T.10
Thick target product YICLAS ........eeiviiiriiieie e e e T.11
Thick target MUIIPIICITIES. ....uietieeiieiieeie ettt et et aee e sseeeareens T.11
Thick target discrete gamma-ray yields........cocouvveiiieeiiiiiiiieecee e T.11
Physical thick target yield differential with respect to incident energy ............cccceeverueenene. T.11
Data not corrected for target thiCKNESS .........ceviieiiiieeeiieeiee et T.11
UNIE ETINTEIONS ...viiiiiieeiiie ettt e et e e e te e e s baeesbaeessaeeesaseeesnseeensseeennns T.12
Table of data types VErsuS UNIt tYPES.....ccueeruieriieirieeiieriieeieeieeeteereesereereessaeeseessaesseessneens T.12
TREESHOIA c...cueeiiiniiiiiiiiiiiiniiinntennneicnnticsstessstessssnessssnessssnesssssessssssssssssssssssssssesssssessssssses T.13
THELC e veeneeceinecticeiseetictnsesssissssesssessstssnsstsssssessstssstssssstsssssssssssssssssssssesssssssssssssssssssssssssese T.14
TOEAL caueeeiinniiiiiiiiiiiinintiinnticsnticsttesistessestessssnesssssessssnessssnesssssesssssssssssssssssssssssssssssssssssssssnsses T.15
TOtAl CIOSS SECLION ....eeveiieiiieeiie ettt ettt ettt e ettt e e bt essaeebeessaeenbeesseeenseessbeenseessseenseens T.15
T ANSIIISSION. ...ttt ettt et ettt et e et e b e e bt e bt e et e e beeeabeesbeesabeessbeenbeesneeenseens T.16
SEIHEINAICATION ...eeiiieiie ettt ettt ettt e et e st e e teesabeesseeesbeenbeesnseenseennnas T.17
Total rEACtION CTOSS SECTION ....eeutiiiiieiieeiteeite ettt ettt ettt et ettt e st e e beesabe e b e saeeebeens T.15
Total as distinct from Partial............cooveeiiiiiiieiiee e T.15
Transmission and Reaction Yield.......cocievveiciceicsinicssnicssnicssnnicsssnscsssnsssssssssnsssssasssssassons T.16
DS 110 o D SRS T.16
Transmission ratio and self-Indication Tati0 ...........cccvierieeriienieeiieeie et T.17
Treiman-Young Angular Distribution ..........cccoecieiiiiiiiiiieieie e D.20
U
UILES coiiiiiiiiiinnnnnneeiieecessssssnssssssecssssssssssssssesssssssssnssssssscsssssssssasssssssssssssssnssssssssssssssnsansas U.1, Dict 24
Unit diMeNSION COUES .....oeuiiiiiiiiieiieitie et eite ettt ettt e ere e teesateebeessseeseesnseenseesnseeseesnsaens U.1
Unit CONVETSION FACTOTS. ..c..uiitiiiiiiiiii ittt ettt st et et e saee e U.1
SPECIAL CASES ..envvieniieiiietteete ettt ettt ettt e et e st e e bt e s s e eabeeetbeenbeeesbeenbeennbeenseeenneenneas U.2
Updating and AIEETAtIONS .........eevuieeiieriieeieeitie et etie ettt ete et e st e eteesaaeebeessaeeseesabeenseenene FM 8.1
\%
Variable NUCIEUS. ........eoiiiiiieie ettt e abeesee e FM 6.9
Variable number of emitted partiCles.........coeeviiieiiiieeiiieeiieeeeee e FM 6.10
VeCtor COMMON ALA .......eeuieriiiiiieiie ettt ettt ettt ettt e et e seeeebeesaaessbeessaesnseessaeenseenens FM 5.2
VOZE FOTMALISINI ..c.viiiiieiiieiiecie ettt ettt et e et e e sbeeteesaseesbeessseensaesssaesseessseensens M.6

Xii June 2022



LEXFOR

LEXFOR

INTRODUCTION

LEXFOR is the compiler's section of the EXFOR Manual. The contents are arranged similar
to a lexicon in alphabetical order by subject heading. As distinct from the EXFOR Formats
Manual, LEXFOR includes information essential for compilers using EXFOR, that is:

e physical definitions of codes defined in the EXFOR Formats Manual and
EXFOR/CINDA dictionaries,

e physical background information required for preparing high-quality EXFOR entries,
e practical examples of how to use the EXFOR system,

e other information that may be helpful to compilers.

The responsibility for updating LEXFOR is outlined in the Nuclear Reaction Data Centres
Protocol, section “Manuals”.

The LEXFOR subject headings are given at the top of each page. Each subject heading starts
with a new page for the sake of easier updating.
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Absorption

Definition: Absorption is the sum of all energetically possible interactions excluding elastic
and inelastic scattering.

REACTION Coding: 2Bs in SF3

Sum rules: Absorption = total minus scattering
= nonelastic minus inelastic

Absorption is a sum cross section. It should only be used where two or more reactions are
energetically possible.

Note:

a.) The frequently so-called "hydrogen neutron absorption cross section" must clearly be
coded as (n,y), because no other neutron-absorbing reaction besides (n,y) is possible.

b.) The thermal "neutron absorption cross section" for gold should be coded as (n,y), since the
energetically possible (n,p) and (n,a) cross sections are negligible in comparison with the
measurement uncertainty of the (n,y) cross section.

c.) The “photo-absorption cross section” below the nucleon emission threshold must be coded
as (y,sct), (y.el) or (y,inl) if there is no other channel (e.g., photo-fission). Above the
threshold, photo-absorption (= total minus photo-scattering) (y,abs) = (y,n) + (y,p) + (y,2n)
+ ... + (v,f) is coded with ABS in SF3.

Capture
Definition: A reaction in which the incident projectile is absorbed by the target nucleus which

then emits electromagnetic radiation.

REACTION coding: G in SF3

Neutron Data

For fissile isotopes at thermal neutron energies below reaction (e.g., n,2n) thresholds:
Absorption = capture plus fission

Where absorption is, throughout an experimental data set, identical with the (n,y) reaction, it

should be coded as (n,y), see above. (See also Tautologies).

Alpha
Definition: Alpha is the radiative capture-to-fission cross section ratio, Gn,y /Onf.
REACTION coding: (..(N,ABS), ,ALF)?

at resonance energy: (.. (N,ABS),,ALF,,RES)

See also Single-Level Resonance Parameters.

! The REACTION process code ABS is entered, since capture and fission are considered.
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Disappearance Cross Section

The disappearance or removal® cross section is defined as the cross section for all neutron-
induced process producing no emergent neutron, that is (n,y) + (n,p) + ... It differs from the
absorption cross section in that it does not include (n,2n), (n,np), etc.

2 Note other meanings of "removal" in reactor physics and shielding physics.
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Activation

Definition: Activation is the production of a radioactive residual nucleus as a result of a
reaction, which is determined by measuring a specific decay radiation emitted by the product
nucleus.

The activation cross section is usually identified with one of the following:

1. a specific reaction, and, therefore, the data given should be coded under the appropriate
reaction, e.g., (n,y) or (p,n).

2. the production of a specific radioactive nuclide, which may be produced by two or more
parallel reactions; this case is coded as a production cross section. (See also, Production
and Emission Cross Sections, Sums).

Example: (26-FE-0 (N, X) 25-MN-57, , SIG)

The code ACTIV (activation) is entered under the keyword METHOD.

The decay information used in the analysis of the data given should be specified under the
appropriate keywords. (See Decay Data).

Compilers should take special care when coding activation cross sections to nuclei that have
metastable states to specify what has actually been measured. (See Isomeric States).
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Analysis

The keyword ANALYSIS is used to enter all relevant information on how the experimental
results have been analyzed to obtain the values (given under paTa) that actually represent the
result of the analysis. In particular, this keyword is used for deduced data such as resonance
parameters. If the basic data used for the analysis have also been entered in EXFOR, a cross-
reference to those sets should be given in the free text. If important assumptions were made
(e.g., negative resonances), these should be specified either directly or by reference. For
example, extrapolation and interpolation should be given only with appropriate references.
(See also Assumed Values, Dependent Data).

The keyword ANALYSIS should not be used for information on any analysis made on the data
set to obtain theoretical conclusions.?

Resonance parameters require an entry under ANALYSIS explaining how they have been
obtained. "Single level" or "multi-level" must be given in coded form, if known. A more
precise definition of the analysis in free text is desirable, at least in the form of a cross-reference
to the literature in which a description of the analysis can be found.

An energy step used in the analysis may be coded in the data table under the data heading
ANAL-STEP.

See also Corrections and EXFOR Formats Manual Chapter 7: ANALYSIS.

3 Such information can be noted under the keyword ADD-RES.
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Angle
(See also Differential Data).

Secondary-Particle Angle
The angle of a secondary particle with respect to the incident-projectile beam, or the angle
between a correlated particle pair, may be entered either as an angle in degrees (data units
ADEG) or as a cosine (data units NO-D1M). An angle given in degrees, minutes, and/or seconds
may be entered in two or three fields with the data heading repeated. See EXFOR Formats
Manual, Chapter 4: Repetition of Data Headings.
For relativistic data, angular distributions may be given as a function of ¢, referred to as
momentum transfer, which is related to the center-of-mass angle by:

q = 2ksin (8/2),
where £ is center-of-mass momentum of the final system.
The momentum transfer is given in units of inverse length (e.g., 1/fm). See Kerman* for more
detail.

Data headings:
ANG = angle in lab system
ANG-CM = angle in center-of-mass system
cos = cosine of angle in lab system
COS-CM = cosine of angle in center-of-mass system
q = momentum transfer
ANG-AZ-RL = azimuthal angle

and other codes given in Dictionary 24 with the family flag G.

When two or more angles are considered (e.g., for angular correlations), the data headings
ANG1, ANG2, efc.,are used. These are entered in the same order as the particles for which the
angles are given are entered in the particle considered subfield of the reaction string.

The angle at which the data are normalized, if different from the angle at which the data were
measured, may be given under the data heading anG-~NrM in the COMMON or DATA section.

Angular Error and Resolution

Numerical values for the angular error or resolution may be entered in the COMMON or DATA
section using data headings from Dictionary 24 with the family code g, e.g., ANG-RSL, COS-
ERR. Further information can be given in free text under the keyword ERrR-ANALYS. (See also
Errors, Resolution).

4 A K. Kerman, H. McManus, R.M. Thaler, Ann. Phys. 8, 551 (1959)
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Assumed Values

Only values defined by the data specification keyword rREacTTION should be given in the data
table under the data heading pAaTa (and its derivatives). It is, however, often important that
numerical values used for the derivation of the results also be entered into the data table in
coded form, i.e., values assumed by the author, including values taken from another source.

Reference cross sections used for normalization should be entered under the keyword
MONITOR. (See Standards).

Decay data should be entered under the keyword pEcay-paTa. (See Decay Data).

Assumed values for which a data-heading keyword exists should be coded under that data
heading in the COMMON or DATA sections, e.g., spin (SPIN J), resonance energy (EN-RES).

All other assumed values for which a quantity code exists may be entered under the data
heading assum in the COMMON or DATA section and defined in the BIB section under the
keyword assuMeD. See EXFOR Formats Manual Chapter 7: ASSUMED.

Following are some examples of data to be coded using the keyword AssuMED.
a.) A cross section assumed for one of the elements in a compound to derive the cross section

for another.

b.) Cross sections assumed for an isotope in a natural isotopic mixture to derive a cross section
for another isotope in the mixture.

c.) A resonance width assumed in order to deduce other resonance parameters.

Example:
BIB
ASSUMED (ASSUM, 6-C-12 (N, EL) 6-C-12,, DA)

ENDBIB

DATA

ANG DATA ASSUM
ADEG MB/SR MB/SR

ENDDATA
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Astrophysical S-factor

(See also Thermonuclear Reaction Rate)

For non-resonant reactions between low-energy charged particles, the steepest dependence of
o(E) is contained in the penetration factor for the Coulomb and angular momentum barrier.
For incident energies that are small compared to the height of these barriers, it is convenient to
factor out the energy dependence and an additional factor of 1/E. The cross section can then
be written:

in terms of the Coulomb parameter

o(E)= S(EE) exp( =271 ) |

n=2Z2,elhv,
where
v = relative velocity
Zi, Z> = charge of incident ion and target, respectively,
or

in terms of the Gamow energy
S(E
o(£) =" Do p/VE]
B=10.98948 Z; Z>m'"?,

where
E = center-of-mass incident energy (MeV)
Z1, Z> = charge of incident ion and target, respectively
m = reduced mass of system:> m = m1 m2/(m1 + m2)
REACTION Coding: ¢....,SIG,,SFC)

Units: a code from Dictionary 25 with the dimension B*E (e.g., B*EV).

S-factor as a Function of Angle
Occasionally, the S-factor may be given as a function of angle: S(E, 6).

REACTION coding: (....DA, , SFC)

Units: a code from Dictionary 25 with the dimension EDA (e.g., BxMEV/SR)

3> The actual mass must be used, not the mass number.
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Author

The author(s) of a data set are entered under the keyword AUTHOR, all names between one set
of parentheses and separated by a comma. The sequence of the names should be the same as
in the publication.

See EXFOR Formats Manual Chapter 7: AUTHOR for coding format.
If a data set has several references with varying co-authors, all co-authors may be entered.

Some East-European authors spell their names, and, in particular, their initials differently
depending on whether they publish in their own language or in English. Gyulia (Hungarian) =
Julius (English). Hristov (Bulgarian) = Christoph (English). If this is detected, the spelling in
the author's own language is preferred.

Some names contain character(s) that cannot be represented in the EXFOR permitted character
set. If this is detected, the transliteration rules coded in the table below must be applied (these
rules are not exhaustive):

& 1o Ihe |us los [ae log faa | |
C C AE |UE |OE |AE |OE [AA

¢ ¢ a u 0 & |0 a il 3
C C 4 4 0 ae |oe laa |n SS

ac [ue |oe
For Austrian and German authors, ae, ue, oe should be used.

Cyrillic Names
For the transliteration of Cyrillic names, the transliteration published on an English translation
must be adopted. When several English translations exist, the first one on the REFERENCE
records must be adopted. The following list should be used when such an English translation
is not published.

A |B |B ‘r ‘):[ ’E ’E K |3 ’I/I ‘171 ‘K |JI ‘M ‘H ‘o ’H
A B v |G b E [ |zZhjz I |y K L M N O |p
p |C |T ‘y ‘@ ‘X il ‘q ur | |b ‘bl b ‘9 10 [ ‘
R |S [T [U |F |Kh |Ts |Ch [Sh [Shch| |Y | |E |[Yu |Ya

This list had been made according to the ISO prescriptions, amended for computer usage with
respect to accents, with the exception that different systems are not allowed in parallel (as is
the case with the new ISO prescriptions). For instance the earlier transliterations Ju and Ja are
allowed in the new ISO as well as Yu and Ya.

Note that ” (double apostrophes) is not allowed in transliteration from Cyrillic.

Asian Names
For Asian names the full name may be given with the family name given first:

Example: 1i xiaodong
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Average Resonance Parameters

For average resonance parameters (also known as unresolved resonance parameters), the
energy range over which the data were averaged must be specified under the data headings En-
RES-MIN and EN-RES-MAX. When specified, the parameters / and J are given under the data
headings MoMENTUM L and sPIN J (see under Quantum Numbers).

Average Widths
The average of the resonance widths of a specified type in a specified energy range.

REACTION Coding: avin SF8

Units: a code from Dictionary 25 with the dimension E (e.g., KEV)

Example: (..(N,EL),,WID/RED,,AV) Averaged reduced neutron width

Average Level-Spacing

The average energy distance (D) between nearest-neighbour compound-nucleus resonances of

total spin J caused by neutrons of orbital angular momentum /. If the J and / values of the
resonance are not determined, then D is understood to indicate the observed level spacing.

REACTION Coding: D in SF6

Units: a code from Dictionary 25 with the dimension E (e.g., KEV).

Example: (..(n,0),,D)

Authors may apply statistical tests to evaluate the number of missed resonances. This

information should be given under ANALYSTS.

Fermi-Gas Model Parameters
See Nuclear Quantities.

Strength Functions
The strength function (S) is defined as the ratio of the average reduced neutron width to the
average level spacing for compound-nucleus resonances of specified spin J and angular
momentum /. If / is known, but J is not known, the strength function given is defined as:

s, = (gl )/ @1+1)D,
If J and / are not known, then S is understood to be the observed strength function.

REACTION Coding: stTF in SF6

Units: NO-DIM
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Example:
REACTION  (....(N,EL),,STF)
DATA
EN-RES-MIN EN-RES-MAX MOMENTUM L DATA
EV EV NO-DIM NO-DIM
ENDDATA
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Centre-of-Mass System

An indication that data are given in centre-of-mass system (CMS) is given within the data
headings (not within the quantity codes). All quantities are understood to represent the
laboratory system, unless the data headings are modified by ‘-cM’, as for example:

EN-CM = sum of energies of incident projectile and target in the CMS (=centre-
of-mass energy Ecm).

E-CM = energy of outgoing particle in the CMS.

ANG-CM = angle of outgoing particle in the CMS

NUMBER-CM = heading for the coefficient number when the Legendre or cosine fit

refers to an angle given in the CMS!
heading for data which are given in the CMS.

DATA-CM
See also others given in Dictionary 24.

The compiler should use great care if converting the author’s data from the centre-of-mass
system to the laboratory system, and should document such conversions in free text under the
keyword status. The author’s original data should be retained.

Note that for certain quantities, such as cross section, Rutherford ratio, analyzing power (see
page P.11), the numerical values are identical, whether the angle is given in the laboratory or
centre-of-mass system. In such cases, only the heading paTa should be used, whether the
dependent variable is given as ANG or as ANG-CM.

Note: Only one representation (i.e., either laboratory or centre-of-mass) for each parameter
may be coded as a variable in the data table. The other representation may be added under
the data heading m1sc if considered desirable by the compiler. In case of doubt, the
laboratory system is preferred.

Centre-of-Mass Energy and Incident Energy per Nucleon
The centre-of-mass energy (EN-cmM) is defined as

E_—— Tw g = E = Mc?
cm proj,lab — *~ proj,cm + targ,em ¢ - (m

m proj + mtarg

2
proj + mtarg ) ¢

(M: invariant mass in relativistic kinematics). It is clear from the 3" and 4™ term that the
centre-of-mass energy is invariant under exchange of the incident projectile and the target.
Because the numerator of the 2" term can be rewritten as (Eprojab/ Mproj) Miproj Miarg, the
incident energy in laboratory system per projectile mass (number) (MeV/4, etc.) is also
invariant under this exchange. This invariance is not valid when the Debye effect (shielding
of the nuclear Coulomb field by bound atomic electrons) enhances the cross section. This is
observed in several reactions such as *He(d,p)*He, ®Li(p,0)*He, °Li(d,a)*He and ®Li(p,0)*He
at low energy.

! Independent of whether the fit has been made to an angular distribution in CMS or whether it has first been
made to an angular distribution in the laboratory system and then converted to CMS.
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Chemical Compounds

In general, chemical compounds are specified under the keyword REACTION by combining a
compound code, e.g., cup, with the element number and symbol of its main component, e.g.,
26-FE-0X1I for iron oxide, or 26-FE-cMP for any other iron compound. For a small number
of materials of particular importance for users of nuclear reaction data, special compound
codes are used. These are listed in Dictionary 209. (See also EXFOR Formats Manual
Chapter 6: Coding of nuclides and compounds).

Example: 1-u-BNz  for benzene (CesHo).
More detailed information on the compound is given under the keyword SAMPLE.
Three rules must be kept in mind:

1) A more specific code has priority over a more general code.
Examples:

a) Zirconium hydrides are to be entered as 40-zrR-HYD, and not as 1-H-CMP Or 40-ZR-
CMP.

b) Water is to be coded as 1-H-WTR and not as 1-H-CMP.

2) For alloys (or other mixtures) the code cup is combined with the element symbol of the
major component, usually the one named first. For chemical compounds the code cmp is
combined with the symbol of the primary element, usually the first one of the formula,
for example, CaCOs is coded as 20-ca-cmMp, and not 6-C-CMP or 8-0-CMP.

3) If the compiler feels that two possible codes are equally relevant, the reaction
combination using the equal sign (tautology) may be used.

Examples:

a) Ammonium-hydrocarbon

((7-N-AMM, ..... )=(1-H-CXX, ....))
b) Brass, if it contains 50% Cu and 50% Sn
((29-CU-CMP, ....)=(50-SN-CMP, ....))

Typical data on compounds entered are low-energy neutron data, where chemical or
crystalline binding forces affect the neutron cross sections; an example is the total cross
section or thermal-scattering data of water. However, thermal scattering data for H> must be
entered under the isotope 1-H-1, supplemented by an entry under the keyword SAMPLE.

If, for example, the sample is a compound, e.g., PuOz2, and, if the data given refer only to Pu,
then the data is entered under Pu.
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Comments

Free Text Comments
The language of the free text comments is English, and clear English phrasing should be
used. (See Free Text, and EXFOR Formats Manual Chapter 3: Free Text).

Unlimited free text comments are permitted with each keyword; however, the compiler should
aim to be as concise as possible.

Keyword COMMENT
Free text comments may be entered under the keyword COMMENT, such as:

e Miscellaneous information that cannot logically be entered under other available
keywords.?

e Author's statements about the data, e.g., whether they agree with theory or with other
data.

e Compiler or evaluator comments (see also CRITIQUE, below).

Any information which does not originate with the author must be clearly labelled, e.g.,
"Comment by the compiler:", and unambiguously separated from author's comments, for
example, by including it between quotation marks.

Keyword CRITIQUE
The keyword CRITIQUE may be used for free text comments on the quality of the data
entered, as given by the compiler or by an evaluator.?

The reference from which an evaluator's comments are taken should be entered under the
keyword REL-REF. (See Reference).

Keyword FLAG
The keyword FLAG is used to link free text comments in the BIB section with specific lines in
the DATA section. (See Flags).

2 Free text comments related to any other keywords do not belong under the keyword COMMENT. They should
be entered under the appropriate keyword.
3 Such comments should be called to the attention of the author, when possible.
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Corrections

All relevant information about corrections applied to the measured data to obtain the values
given under the heading DATA should be entered as free text information under the keyword
CORRECTION.

Example: CORRECTION Corrected for multiple scattering.

This may include information on:

e corrections that have been applied
e corrections that have not been applied

e corrections that are estimated to be negligible.

Corrections that are not mentioned by the author, but are regarded by the compiler as
relevant, may be entered under COMMENT (see Comments), where they must be clearly
labelled as compiler's comments.

Errors contributed by the uncertainties of the corrections are entered under ERR-ANALYS

(see Errors).

For corrections done by others than author see Data Type.

C4 June 2022



LEXFOR

Covariance
Definition

For a measured quantity at two points c; and o; (e.g., cross section at two incident energies;
i, j = 1,...,m), covariance between them are defined as

COV(O'i,O'j) = <(O‘i —<O'i>XO'j —<O'j>)> = <0'i0'j>—<0'i><0'j> (D)
If the cross section depends on p parameters (source of uncertainties) {x*} (k=1,2,..., p),

o,—(0,)= i%(xﬁ _<x'k>)

k=0

Eq.(1) can be rewritten as

2 00, oo . 2 0o, oo .
cov(o,,0,)= E i cov(x(‘,x’}) L Ao, Ao, 0. + E i cov(x(‘,x’}) L o)
27 k P27 1 0~ 0~ i k P27 1 ( )
k,1=00X; ax_,- k,1=10X; ax_,-

where k ,/ = 0 gives the uncorrelated uncertainty Ao oi = (00i/0x”)Ax’.and &; is the
Kronecker’s delta.

Aci=cov(ci, o)) (i=1,...n) forms the following covariance matrix.

1 2 3 n
1 Aci1 | Aoz | Aoiz | ... AG1n
2 Ac21 | Aoz | Aoz | ... AG2
3 Ao31 | Aosz | Aoss | ... AG3»
n Acin | Ao2n | Aosn | ... AGun

The covariance matrix is a measure of these errors and the correlations between them. It is
symmetric and positive definite, and its diagonal elements give variances (squares of the total
uncertainty) from the definition. See also Errors: Error Correlations.

Covariance matrices, if given by the experimentalist, should be included, where possible, in
structured form as free text under the keyword COVARIANCE.

Note that the correlation matrix
cov(o,,0;)

(o ~(e){e, (o)

is also used instead of its covariance matrix. According to the definition, its diagonal
elements are always 1.

cor(o;,0,) =
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Compact Expression of Covariance Matrix by Cholesky Decomposition
Eq.(2) is expressed as

V=MM'+S,V,S!.,

where V= cov (ci, 6j), M= {Aoci}, Su= {0ci/Ox*} and Va=cov (x#, x/). The pxp matrix
Vo= cov (x#, x') is positive definite and symmetric, and therefore there is a matrix L which
satisfies Vo= LL' (Cholesky decomposition):

V=MM"'+S,LL'S, =MM"'+D,D,

where Do = So L is a mXp matrix. The ij-th component of this equation is
p

cov(ai,aj) =A,0; ~A0c7j ~5y, +2Akai -Akaj .
k=1

(Do= {Arci}, k=0, 1,2,....,p and I=1,2,...,m). We may regard the vector {Aoci} as the total
uncorrelated uncertainty and the vector {Akxoi} (k=1,...,p) as the k-th fully correlated
uncertainty. They may be coded under Err-1 etc. with the correlation property flag u
(uncorrelated) or F (fully correlated).

These vectors allow us to keep the full covariance information with (1+p) m elements instead
of m (m+1)/2 elements, and effective to archive the full covariance information of high-
resolution time-of-flight spectra (e.g., transmission, capture yield) where m is huge [1,2].

Example: Compilation of AGS vectors published in Table 1 of [3].

REACTION (79-AU-197 (N, TOT), , SIG,,AV)

ERR-ANALYS ERR-2, ERR-3 and ERR-4 are AGS vectors.
(ERR-T,,,P) Total uncertainty

ERR-1,,,U) Uncorrelated uncertainty due to counting statistics
ERR-2,,,F) Background model (dK/K=3%)

(
(
(ERR-3,,,F) Normalization (dN/N=0.25%)
(ERR-4,,,F) Sample areal density

(

STATUS TABLE) Table 1 of Eur.Phys.J.A49(2013)144

EN-MIN EN-MAX DATA ERR-T ERR-1 ERR-2 ERR-3 ERR-4

EV EV B B B B B B
4000. 5500. 20.10 0.22 0.12 0.11486 -0.14226 0.04020
5500. 6500. 21.30 0.23 0.15 0.09843 -0.14226 0.04259
6500. 8000. 20.15 0.20 0.12 0.07380 -0.14226 0.04030
8000. 10000. 17.31 0.20 0.12 0.06558 -0.14226 0.03462

Keyword COVARIANCE

Covariance data may be stored in an EXFOR file under the keyword COVARIANCE. These
covariance data can describe several types of correlations including: correlations between
data measured on different energies (correlations between experimental points and energy
intervals); correlations between data of different reactions; correlations between Legendre
coefficients of angular distributions; full and fractional, covariance and correlation matrices.

The details of the format are given in the EXFOR Formats Manual, Appendix B.
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Cross sections

(For fission cross sections, see Fission).

(For cross sections leading to isomeric states, see Isomeric States).

(See also Differential Data and LEXFOR entries for specific processes).

Definition: Cross sections are microscopic reaction probabilities, and are given as a function

of incident projectile energy.

Cross Section

(Integrated, as opposed to differential with respect to angle and/or energy of secondary
particles)

REACTION coding: s1G in SF6.

Units: code from Dictionary 25 with the dimension B (e.g., MB).
Example: (29-Ccu-63(pP,N)30-ZN-63,,SIG)

Cross Section Integral Over for a Given Incident Energy Range (Integrated Cross

Section)

Definition: E
J. o dE

E;

REACTION Coding: 1nT in SF6.

Units: code from Dictionary 25 with the dimension B*E (e.g., MB*EV).

Example: (92-u-235(N,F),, INT)*

The energy limits are specified under the data-heading keywords EN-MIN and EN-MAX.

Such data may be coded only in the following cases:

1. When the data are normalized by means of an integral cross section over a specified

energy range, the integral may be entered under the keyword MONITOR.

2. When the differential data are not available.

3. When the energy ranges given are commonly used for inter-comparison of the data.
Generally, only data integrated by the experimentalist are compiled. Data that were not
integrated by the experimentalist should be entered with a comment clearing stating by whom
they were integrated.

Compilation of such data is optional.

When integration was done for the cross sections obtained by unfolding of bremsstrahlung
spectrum averaged cross sections, BRs is coded in SFS.

4 This code is not to be used for integral measurements.
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Example: (82-pB-208(G,N)82-PB-207,, INT,,BRS)

The cross section integrated over the resonance is the resonance area and ARk is used instead
of INT.

Total Charge-Changing Cross Section

Definition: The cross section for the emission of all products whose charge differs from the
incident projectile charge. That is, if Zo is the incident projectile charge and Zi is the charge
of a given product nucleus, then ot is the cross section for the production of all nuclei such
that Z1 # Zo .

REACTION Coding: Tcc in SF3.

Units: code from Dictionary 25 with the dimension B (e.g., MB).
Sum rule: Gicc = Grot — 620-21

Example: (26-FE-56(6-C-12,TCC),,SIG)

Note: the partial charge-changing cross section, which is given for particles for a given AZ
(e.g., AZ=-1), is coded as a production cross section:

Example: (26-FE-56 (6-C-12,X)ELEM, , SIG)
The charge is given in the COMMON or DATA section under the data heading ELEMENT.
Units are NO-DIM.

Spin-Spin Cross Sections (See also Polarization).
Definitions: o= (o1l - o11)/2
, Where 611 = cross section for incident-projectile and target spins parallel

REACTION Coding: ss in SFS.

Units: a code from Dictionary 25 with the dimension B (e.g., MB).
Example: (.. (N, TOT),,SIG,,SS)

Spin-Dependent Difference Cross Sections (See also Polarization).
Definitions: Ac =oc1! - o1

, where o1t = cross section for incident-projectile and target spins parallel
o1l = cross section for incident-projectile and target spins anti-parallel

REACTION Coding: psp in SFS.
Units: a code from Dictionary 25 with the dimension B (e.g., MB).

Example: (.. (N, TOT),LON, SIG,,DSP)
Total spin difference cross section for pure longitudinal spin states
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Data Type

The last subfield of the REACTION code string (SF9) contains a code to indicate whether the
data given are experimental, theoretical, evaluated, etc.

Experimental Data
The default data type is experimental. That is, if the data are experimental this field is not
used unless the data are derived data.

Derived Data

Data that are not derived from the experimental data by the most direct method, but are,
instead, calculated from other data obtained in the analysis of the experimental data, should
be entered using the code DERIV in SF9 (Data type) of the reaction code string. The
derivation must be explained under the keyword ANALYSIS.

Only values derived by the experimentalist from his own data should be entered in this way.

If the data from which the value given is derived are entered in an EXFOR subentry, a cross-
reference to that subentry should be entered under the status code pEP, see Status.
At present, the following types of derived data are entered in EXFOR system:

e Resonance integrals derived from resonance parameters or energy-dependent cross
sections.

e Thermal cross sections calculated from resonance parameters.

e Angular distributions calculated from fitting coefficients.

e Cross-section values at one energy (e.g., at 0.0253 eV) or spectrum averages derived from
a smooth fit to measured points.

e Data calculated from the sum or difference of two or more measurements.

e Thick target yields derived from cross sections or cross sections calculated from thick
target yields.

e Data calculated using measurements for an indirect reaction (e.g., inverse reaction,
surrogate reaction, Trojan horse method).

e v calculated from fission yields.

e Non-elastic cross section (total reaction cross section) derived from differential cross
section through optical potential analysis.

e Data obtained with an extrapolation which contributes a significant correction.

e Py value obtained as the ratio of the measured delayed neutron yield to an assumed fission
yield.

June 2022 D.1



LEXFOR

Data Renormalized by Other than the Author

Data renormalized by other than the author should not be compiled because even more recent
values of a standard cross section can come up later, even more than once, and it is neither
practical nor useful to follow such developments by repeatedly updating entries. Such
renormalizations can be left to suitable software and, if needed, be stored in a separate
database.

In this context, “renormalization” means a straightforward operation, usually a multiplication
by a constant factor (e.g. due to a more recent value of a standard cross section or a gamma
ray intensity).

Note:

The EXFOR master file may contain older entries with renormalized data, which are labelled
with the STATUS code rNORM. While no new entries should be using this code, existing entries
of this type may be kept.

Data Corrected or Reassessed by Other than the Author

Data sets corrected or reassessed by other than the author, when considered important, may
be compiled in another entry, when the corrected or reassessed data are well documented in a
peer-reviewed journal with the correction procedure.

In this context, “correction” or “reassessment” does not mean a straightforward operation
such as multiplication by a constant factor, but e.g. taking into account a detector efficiency
curve, geometry of the experiment, spectra shapes etc.

If such data are compiled in EXFOR, the data type cRCTD must be given.

A new entry must be created for such data with the provider of the renormalized or reassessed
data under AUTHOR and the peer-reviewed journal under REFERENCE.

Example
ENTRY 21883 20110227
SUBENT 21883001 20110227
BIB 15 48
AUTHOR (B.Haesner)

REFERENCE (R,KFK3395,1982)

(Description on the experimental procedure)

SUBENT 21883010 20110227

BIB 3 4
REACTION (2-HE-3 (N, EL) 2-HE-3, , DA)
REL-REF (N, ,M.Drosg+,J,NSE,172,87,2012)
Corrected data given
STATUS (TABLE) Appendix (p66) of KFK-3395
(OUTDT,29883002) Data corrected by M.Drosg available
ENDBIB 4
NOCOMMON 0 0
DATA 4 183
EN ANG-CM DATA-CM DATA-ERR
MEV ADEG MB/SR MB/SR
5.0 33.1 409.6 41.0
5.0 58.7 264.0 15.8
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ENTRY
SUBENT

BIB
AUTHOR

REFERENCE

LEXFOR

29883 20140506
29883001 20140506

15 48
(M.Drosg, R. Avalos Ortiz, P.W. Lisowski)
(J,NSE, 172,87,2012)

(Description on the correction procedure)

SUBENT
BIB
REACTION
ANALYSIS
REL-REF

STATUS

ENDBIB
NOCOMMON
DATA

EN

MEV
5.0
5.0

29883002 20140506
3 4
(2-HE-3 (N, EL) 2-HE-3, ,DA, , ,CRCTD)
Corrections with better knowledge on ..
(R, ,B.Haesner,R,KFK3395,1982)
Original data given
(TABLE) Table VIII of Nucl.Sci.Eng.172(2012)87
(CRCTD, 21883010) Original data given
4

0 0
4 183
ANG-CM DATA-CM DATA-ERR
ADEG MB/SR MB/SR
33.1 399. 43.
58.7 259. 18.

Data Derived by Other than the Author

Data sets derived by other than the author (e.g., derivation of the ratio of the cross section to
the standard from the absolute cross section) are not for compilation in general, but may be
compiled in another entry exceptionally when there is a strong need from EXFOR users and
the derived data are well documented in a peer-reviewed journal with the derivation

procedure.

If such data are compiled in EXFOR, the data type bEROT must be given.

A new entry must be created for such data with the provider of the derived data under
AUTHOR and the peer-reviewed journal under REFERENCE.

Example

ENTRY
SUBENT
BIB
AUTHOR

REFERENCE

14329 20130626

14329001 20130626

15 68
(J.L.Kammerdiener)
(R, UCRL-51232,1972)

(Description on the experimental procedure)

SUBENT
BIB
REACTION
REL-REF

STATUS
DATA

E
MEV

9.329E-
1.399E-

June 2022

14329090 20130626
3 3
(92-U-235(N, X) 0-NN-1, ,DA/DE)
(N,19329002,T.Kawano,J,NDS,120,272,2014)
EDX derived from DDX given
(CURVE) Fig.87 of UCRL-51232 (1972)

3 67
DATA
MB/SR/MEV
02 7.850E+02
01 5.686E+02
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ENTRY 19329 20140506
SUBENT 19329001 20140506
BIB 15 68
AUTHOR (T.Kawano)

REFERENCE (J,NDS,120,272,2014)

(Description on the derivation procedure)

SUBENT 19329002 20140506

BIB 3 4

REACTION (92-U-235 (N, X) 0-NN-1, ,DE, , , DEROT)

REL-REF (R,14329090,J.L.Kammerdiener+,R, UCRL-51232,1972)
Double differential cross section given

STATUS (TABLE) Data received from T.Kawano

(DEP,14329090)

E-MIN E-MAX DATA

MEV MEV MB/MEV
6.5 8.0 127.01
8.0 9.5 69.86

Evaluated and Theoretical Data

Evaluated and theoretical data are, generally, not included in EXFOR with the current

exception for photonuclear data.

If such data are compiled in EXFOR, the data type EVAL or cALC must be given.

D4
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Decay Data
(See also Half Lives).

Radioactive decay data are not compiled in the EXFOR format except as additional
information relevant to the measurement of a reaction quantity.

Keyword DECAY-DATA
The following decay data pertinent to the table given in the DATA section are entered in the
BIB section under DECAY-DATA in coded form:

e decaying nucleus (even if decays from the daughter nucleus are measured)
¢ half-life (value and unit)

e type of radiation

e cnergy of radiation in keV

¢ intensity of the radiation measured.

These data may be given for more than one decay mode. See EXFOR Formats Manual
Chapter 7: DECAY-DATA for coding rules.

Decay data are entered:

e 1n order to define an isomeric state, or

e when used as basic parameters for deducing the data given in the DATA section.

Free text explanation is often desirable, for example, a statement on whether the decay data
were obtained from the experiment or quoted from another source.

e If the authors quote only the source of the decay data but not their numerical values,
the source should be coded under REL-REF.

e If the data given are taken from a known source, the reference for it may be coded
under the keyword REL-REF.

Where unresolved doublets (or multiples) of y-rays were used in the publication, the energies
of all involved y-rays, or at least the lowest and the highest energy, should be given, separated
by a slash. Thus, two energy values given can mean a doublet or the borders of the energy
range containing all (unresolved) y-rays that were used for the analysis.

Example: DECAY-DATA (Z-S-A-X,3.1HR,DG,876./892.,0.80)
where 0.80 is the total intensity of the two y-rays at 876 and 892 keV, or of all y-
rays lying between the limits 876 and 892 keV. For y-transitions, the photon
intensity should be included, if given by the authors.

Only the values used by the author to obtain the data should be entered in coded form.
Values assumed by the compiler may be entered in free text only.
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Keyword DECAY-MON

Decay data assumed or measured by the author for a reaction used in the experiment as a
standard (or monitor) are entered under the keyword DECAY-MON. See EXFOR Exchange
Formats Manual Chapter 7: DECAY-MON, for coding rules. (See Standards for example).

Decay Data for Variable Product Nuclei

In the case of variable product nuclei, where the reaction product is defined in the COMMON
or DATA section using the heading ELEMENT and MAss, the decay data information is coded
as strings of information under the keyword DECAY-DATA and may be linked to the reaction
product using the data-heading keyword pECAY-FLAG. In particular, when decay data are
given for parent or daughter nuclides of the specified product, the data should be linked in
this way. (See EXFOR Chapter 6: Variable Nucleus). (See also Flags).

More than one string of decay data information for a specific product may be entered by
repeating the decay flag for each string.

Example:

DECAY-DATA ((l.)54-XE-125-G, 16, 8HR,...)
((2.)54-XE-127-M, 69.3EC,..)
((2.)54-XE-127-G,36.4D,..)
((3.)55-Cs-127,6.25HR,...)

ENDBIB

NOCOMMON

DATA

ELEMENT MASS ISOMER DECAY-FLAG DATA

NO-DIM NO-DIM NO-DIM NO-DIM PC/FIS

54. 125. 0. 1.
54. 127. 0. 2.
55. 127. 3.

ENDDATA

Decay Data Errors
Numerical values for the errors in the decay data given may be entered in the COMMON or
DATA sections using the data headings:

ERR-HL = error in half-life given in DECAY-DATA
ERR-EDD = error in energy given in DECAY-DATA
ERR-IDD = error in intensity given in DECAY-DATA
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Delayed Fission Neutrons

Theory

In certain cases, a fission-product nucleus may decay by P decay to excited levels in the
daughter nucleus which lie above the neutron binding energy. In this case, a delayed neutron
may be emitted whose measured half-life is equal to that of the preceding 3 emitter (delayed
neutron precursor). These half-lives are of the order of 0.1 to 60 sec, which is large
compared to the period of prompt neutron emission (<< 4x107'* sec, see Fission Yield)

Schematic representation of delayed-neutron emission:

AN
AN
AN
S
AN
AN
\

1A A

where Bn = neutron binding energy of the nucleus Z+1,4

Delayed-Neutron Groups

Delayed-neutron emission is sometimes represented by delayed-neutron groups (usually 6),
distinguished by their half-lives. Each group is associated with, perhaps, several different
precursor nuclides with similar half-life values (e.g., 55 sec, 22 sec, 6 sec, 2 sec, 0.5 sec and
0.2 sec).

For further detail see Amiel [1], Keepin [2], and Hyde [3].

Total Average Delayed Fission Neutron Yield (v)

REACTION Coding: nu in SF6 and pr in SF5
a. Absolute delayed neutron yield
Units: a code from Dictionary 25 with dimension FY (e.g., PRT/FI5S)!

Example: (..(N,F),DL,NU)

b. Delayed neutron fraction (v, /v'): coded as a ratio with the units NO-DIM:

Example: ((..(N,F),DL,NU)/ (..(N,F),,NU))

! Older entries may have used the units NO-DIM.
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Partial Delayed Fission Neutron Yields
Delayed neutron Groups: coded using the average half-life of the group (HL), the decay
constant (DCNST), or the group number (GRP-NUM)? as an independent variable.

e Relative abundance (or relative group yield): coded as the ratio. (The values for the six
groups sum up to 1).

REACTION Coding: ((..(N,F),DL/GRP,NU)/ (..(N,F),DL,NU))
Units: NO-DIM

e Absolute group yield:
REACTION Coding: (..(N,F),DL/GRP, NU)

Units: a code from Dictionary 25 with dimension Fy (e.g., PRT/FIS).

Delaved-Neutron Energy Spectrum for a Given Neutron Group
REACTION Coding: (..(N,F),DL/GRP,NU/DE)

Data are coded using the average half-life of the neutron group and the delayed neutron
energy or energy range as independent variables.

The data may be given:
a. in neutrons/fission/MeV - the data unit PRT/FIS/MEV is used.

b.  as a relative measurement - the quantity modifier REL and data units ARB-UNITS are
used.

For the preceding quantities, the nucleus to be entered is the target nucleus before the
absorption of the incident particle.

c.  delayed neutron fraction: group ratio to total delayed neutron yield — coded as a ratio
with units NO-DIM.

Delayed Fission Neutron Yield for a Given Precursor Nuclide

The cumulative and independent delayed fission neutron yields are the delayed neutron yields
from an individual precursor including or excluding its formation via radioactive decay and
isomeric transition, respectively. It is the same as the product of the Pn-value and the
cumulative or independent fission yield of the precursor.

REACTION Coding: (..(N,F)...,DL/CUM,NU) or (..(N,F)...,DL,NU)

2 The group number should only be given if the half-life or decay constant is not given.
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Delayed Neutron Data for Individual Precursors

There are delayed-neutron quantities that are not properties of the fissioning nucleus but of
the fission-product nucleus that is the “precursor” of the delayed neutron, e.g., delayed-
neutron emission probability, delayed-neutron energy spectrum for a specific precursor.
They may be also compiled in EXFOR for users although they are not reaction data. Delayed
neutron quantities for a specific precursor can be studied not only by production of the
precursor by fission but can be also by other method (e.g., light-induced spallation, heavy-ion
induced fragmentation) [4].

Delayed-Neutron Emission Probability (P, value)
Definition: Probability for emission of at least one [3-delayed neutron

REACTION Coding:
((z-S-A(0,B-) [2+1]-S’-A, , PN)
where: z-s5-41s the fission product nucleus (precursor nucleus before 3 decay);

[z+1] -5 -Ais the delayed-neutron emitting fission fragment.
Units: NO-DIM
For delayed neutron emission probabilities see for example, Amarel [5], Tomlinson [6], and

Asghar [7].

Probability of Emission of N B-delaved Neutrons (Pxn)
Definition: Probability to emit N neutrons after B decay

REACTION Coding: (z-s-A(0,B-) [Z+1]-S’-A,NUM, PN)
Units: NO-DIM
The number of emitted neutrons is given under the data heading PART-0UT with units NO-DIM.

Delayed Neutron Emission Multiplicity <n>
Definition: Multiplicity of delayed neutrons per decay

<n>=Pin+ 2P + 3P3n +....
REACTION Coding: (z-s-2(0,B-) [2+1]-S’-A,MLT, DN)

Units: PRT/DECAY Or PC/DECAY
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Energy Spectrum of Delayed Neutrons Emitted by a Specific Precursor
REACTION Coding: (z-s-2(0,B-) [2+1]1-S’-A, , PN/DE)

Units: a code from Dictionary 25 with dimension 1/E (e.g., 1/KEV)

From the above definitions follows Pn= Pin+ Pan+ P3n + .... and <n>=Pin+2P2+... If only
one neutron emission is energetically possible, Pn= Pin = <n>, the coding , PN must be used.
Note that some authors use the symbol “Pn” not for the probability but for the multiplicity.

Data not Presently Compiled in EXFOR
e The energy spectrum of all delayed neutrons together, which is time dependent, due to the
contributions from the different half-life groups.

e The delayed-neutron equilibrium spectrum as found in a steady-state reactor.

References
[1.] S. Amiel, IAEA Panel on Fission-product Nuclear Data, Bologna, 1973, IAEA report
IAEA-169, Vol. I1 (1973) p. 33

[2.] G.R. Keepin, Physics of Nuclear Kinetics (Addison-Wesley, 1965) Chapter 4

[3.] E.K. Hyde, The Nuclear Properties of Heavy Elements, Vol. III (Prentice Hall, 1964)
p. 261 ft.

[4.] L. Mathieu et al., J. Instrum., 7, P08029 (2012)

[5.] L Amarel, et al., J. Inorg. Nuc. Chem., 31, 577 (1969)

[6.] L. Tomlinson, et al., J. Inorg. Nuc. Chem., 33, 3609 (1971)
[7.] M. Asghar, et al., Nucl. Phys. A247, 359 (1975)
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Dependent Data

Data that are deduced by a trivial operation from other data sets entered into the EXFOR
System should be labelled with the code pEp under the keyword STATUS. Free text under
STATUS and/or ANALYSIS should give information as to how the data were deduced. Cross-
reference to the EXFOR entries from which the data were deduced must be coded as an eight-
digit integer following the code.

Example: sTATUS (DEP,10048007)
Examples of data that would be labelled as dependent data:

a. Alpha obtained from the ratio of two independent data sets for fission and capture.

b. Radiation width obtained from a subtraction of two independent data sets of total width
and elastic width.

c. Legendre- or cosine-coefficients, when the originally measured differential cross sections
are also entered.

d. If the same data are given in two different representations, e.g., cross section and cross
section times square-foot of energy, one of them should have the status code DEP.

The status code pEP should not be used when some data sets are mutually interdependent, as
for example:

e A simultaneous measurement of absorption and capture cross sections, and alpha, where
all three interdependent quantities were derived from a common set of raw data. None of
these should be labelled with the status code DEP.

Compare: Status: Interdependent Data.
Note:

Do not confuse the use of the status code pEp with the use of the data type pERIV (derived
data), see Data Type.
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Dependent Variable

The dependent variable is defined under the REACTION code string. The data is given in the
data table using the data heading DATA, or its derivatives, see below.

Each line in a data table must contain a value for the dependent variable, i.e., at least one field
headed by the data heading DATA, or its derivatives, on each line must contain a value (see
examples, below).

The following derivatives of the heading DATA are used:

DATA-MIN
DATA-MAX

DATA-APRX

DATA-CM

Examples:

DATA

EN

MEV
1.0
2.0
3.0

ENDDATA

Forbidden:

DATA

EN

MEV
1.0
2.0
3.0

ENDDATA

Lower limit
= Upper limit
Approximate value
= Given in centre-of-mass system (see Centre-of-Mass System).

DATA DATA-MIN
B B
2.22
4.
3.33
DATA MONIT
B B
2.22
4.
3.33

For the coding of uncertainties, see Errors.
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Differential Data
(See also Fitting Coefficients, Angle, Polarization).
Definitions: The differential data refer, in general, to one of the following:

e the particle given in the REACTION SF3 (Process),
e for production or fission, the product given in SF4 (Product) or in the data table

e the particle defined in the REACTION string SF7 (Particle considered).
A particle must be specified in SF7 (Particle considered) if:

e there is more than one particle given in SF3,
e the data refers to a different particle or nuclide than those specified above,

e or the data refers to more than one outgoing particle.
The use of the term distributions shall also refer to data measured for an individual point.
Reference System

An indication that the differential cross section, the angle, or the energy is given in centre-of-
mass system is given in the data headings; see Centre-of-Mass System.

Reaction Plane

The plane defined by the incident beam direction and the outgoing particle direction. For the
following discussions plane 4 is defined by the incident beam direction and the outgoing
particle a direction

Angular Distributions® (do/dQ)

1. Angular distribution: probability for a particle to be emitted into an area of solid angle dQ
lying at a mean angle of to the incident beam direction in the reaction plane; given as c(6)
= do/dQ. The data are given in units of cross section per unit solid angle (e.g., mb/sr).

REACTION coding: pa in SF6 (Parameters).
Unit type: DA (e.g., B/SR)

If angular differential cross section integrated over a partial range of the angle, it must be
coded with 1pa in SF6.

3 Historically the term differential cross section has been used to refer to do/dQ and the term excitation function
to do/dQ at one angle as a function of incident projectile range.
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2. Relative angular distributions
a.) The shape of the angular distribution W(6); the data are dimensionless, and are most
often normalized to W(90°) = 1.

REACTION coding: p2 in SF6; REL in SF8.
Units: ARB-UNITS.

b.) Ratio to 90°
REACTION coding: b2 in SF6 ; rRsD in SFS8.

Units: NO-DIM

c.) Ratioto0°
REACTION coding: D2 in SF6; RS0 in SF8.

Units: NO-DIM

d.) Ratio to average value from 0° - 180° 4% (y / 9
dQ 4r
REACTION coding: D2 in SF6; rs in SFS.
Units: NO-DIM

. do do
. =—(6,)] — (6
e.) Ratio to the value at another angle: 100 / 100

Code as a ratio using the separator //, see Ratios. The angle for the numerator is
coded under anG-nv; the angle for the denominator is coded under ANG-DN.

f.) Ratios to the integrated cross section:
Code as a ratio with the separator /, see Ratios.

g.) Ratio to Rutherford or Mott scattering* (See also Scattering.)
REACTION coding: pa in SF6; RTH or MOT in SFS.

Units: NO-DIM

3. Angular distribution for a correlated pair: Probability that a particle a and a particle b will
be emitted at a mean angle 6 to the incident beam, do/dQ for Gx:

REACTION coding: pa in SF6; particles in SF7 as a+b (e.g., P+2).

Unit type: DA (e.g., B/SR)

4 See Scattering for definitions of Rutherford and Mott scattering.
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The angle is given under the heading ANG-MN

4. Angular correlation: probability that, if a particle a in emitted at a mean angle of &; to the
incident beam direction in the reaction plane, particle b will be emitted at a mean angle of &
to the incident beam direction in the same plane (coplanar); given as d’c/dQ.dQs. The data
are given in units of cross section per unit solid angle squared (e.g., mb/sr?).

REACTION coding: pa/pa in SF6; particles in SF7 as a/b (e.g., p/D).

Unit type: Da2 (e.g., MB/SR2)

The angles 6: and 6 are coded under the headings aNG1 and ANG2, in the same order as the
particles appear in SF7. If the particles are measured on opposite sides of the beam direction,

the angles will be given as, for example, 30. and —30.

Alternately, the angle of particle b, 6, may be given with the angle between the two emitted
particles Gel.

REACTION coding: pa/pa in SF6; particles in SF7 as a/b/a+b (e.g., p/P+1).
Unit type: Da2 (e.g., MB/SR2)
The angles are given as ANG1 and ANG-RL.

The angular correlation is often given as an angular correlation function W(.,6); the data are
dimensionless.

REACTION coding: Same as above, but also REL in SFS.

Units: ARB-UNITS.
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5. Non-coplanar angular correlations: The more general situation is for particle a and
particle b not in the same reaction plane. Then 0. is the angle of particle a relative to the
beam direction in plane 4, 05 is the angle of particle b relative to the beam direction in plane
B, and a third angle ¢ is defined as the angle between the 4 and B reaction planes (azimuthal
angle).

REACTION coding: pa/pa in SF6; particles in SF7 as a/b (e.g., p/P) in SF7; NCP in SFS.
Unit type: DA2 (e.g., MB/SR2).

The angles 6: and 6 are coded under the headings ANG1 and ANG2, in the same order as the
particles appear in SF7. The azimuthal angle is coded under the heading ANG-AZ-R1.

The angular correlation function is then given as W(04,0s,0).
REACTION coding: pa/pa in SF6; particle in SF7 as a; NCP/REL in SF8.

Units: ARB-UNITS

Secondary Energy Distributions (do/dE")

1. Energy distribution: probability for a particle to be emitted with a given energy £ or
to be left in a given excitation energy E’, given as 6(£") = do/dE’. The data are given in units
of cross section per unit of secondary energy (e.g., mb/MeV). The type of the energy £’ is
specified by the data heading (e.g., E, E-EXC, Q-VAL).

REACTION coding: pE in SF6.
Unit type: DE (e.g., B/MEV)
2. Energy distribution for a correlated pair: Probability that a particle a and a particle b will

be emitted at a relative energy Ere, which gives the centre-of-mass energy of the relative
motion of the correlated pair

REACTION coding: pE in SF6; particles in SF7 as a+b (e.g., P+2).
Unit type: DE (e.g., B/MEV)

The energy is given under the data heading E-rL. The definition of the relative energy does
not depend on the frame (i.e. laboratory system or centre-of-mass system.).
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Secondary Momentum Distributions (dc/dp’)
1. Linear momentum distribution: probability for a particle to be emitted with a given
momentum p’; given as o(p’) = do/dp. The data are given in units of cross section per unit of
secondary linear momentum (e.g., mb/MeV/c).

REACTION coding: pp in SF6.
Unit type: DP (e.g., MB/MEV/C)

Example: (..(N,X)...,LP,DP)
Longitudinal momentum distribution of emitted particles.

The linear momentum is given under the data heading MoM-sEC.

2. Linear momentum distribution for a correlated pair: Probability that a particle a and a
particle b will be emitted at a mean linear momentum px or a relative linear momentum prel.

REACTION coding: pp in SF6; particles in SF7 as a+b (e.g., P+2).
Unit type: pp (e.g., MB/MEV/C)
The linear momentum is given under the heading MOM-SEC-MN or MOM-SEC-RL.

Secondary 4-Momentum Transfer Distributions (do/dt)
Probability for a particle to be emitted with a given 4-momentum transfer squared #; given as
o(?) = do/dt, where 4-momentum transfer squared of the particle is defined by
t=(E'-E)’ - (p'-p)’
for scattering of the particle (E, p) — (E', p').

Note that ¢ is a Lorentz scalar, and ¢ = -4 p? sin® (6/2) <0 for elastic scattering and ¢ = -
4EE ’sin? (6/2) <0 for relativistic limit.

REACTION coding: pT in SF6.
Unit type: D4 (e.g., MB/GEV2/C2)
The 4-momentum transfer squared is given under the data heading -+ with the opposite sign.

Angle/Energy Distributions

1. Angle/energy distribution d*c/dQ)/dE": probability for a particle to be emitted at a
given energy E” or to be left in a given excitation energy £’, and into an area of solid angle QQ
lying at a mean angle of 0 to the incident beam direction in the reaction plane; given as
o(E',0) = d*c/dQ/dE'. The data are given in units of cross section per unit solid angle per
unit of energy (e.g., mb/sr/MeV). The type of the energy £’ is specified by the data heading
(e.g., E, E-EXC, Q-VAL).
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REACTION coding: pa/DE in SF6.
Unit type: DAE (e.g., B/SR/MEV)
The energy is given under the data heading £ or E-MIN and E-MAX.

2. Angle/energy correlations:
a.) d’c/dQdQdE": probability that, if:

e cither a particle @ emitted at a mean angle of & to the incident beam direction in the
reaction plane and an energy E’, particle b will be emitted at a mean angle of & to the
incident beam direction in the same plane (coplanar); given as d*c/dQ.dQsdE.

REACTION coding: pa/pa/DE in SF6, particles in SF7 as a/b/a (e.g., P/A/P)

The angles 6: and 6 are coded under the headings ANG1 and ANG2 in the same order as the
particles appear in SF7; the energy is coded under the heading £1 or E2 to correlate the
energy with the angle of the same particle.

e or particles a and b will be emitted at mean angles of &, and 6 to the incident beam
direction in the reaction plane, with a relative energy FErel, usually given as the centre-of-
mass energy of the relative motion of the correlated pair; given as d*c/dQudQsdErel

REACTION coding: DA/DA/DE in SF6, particles in SF7 as a/b/a+b (e.g., P/2n/P)

The angles @: and 6 are coded under the headings AnG1 and ANG2 in the same order as the
particles appear in SF7; the energy is coded under the heading E-RL.

The data are given in units of cross section per unit solid angle squared per unit energy
(e.g., mb/sr’/MeV).

Unit type: D3Aa (e.g., MB/SR2/MEV)

Examples:
BIB
REACTION (...(P,N+P)...,,DA/DA/DE,P/N/P)
DATA
ANG1 ANG2 El DATA
ADEG ADEG MEV MB/SR2/MEV

For the case where the mean energy is given for a correlated pair:

BIB

REACTION (...(P,T+A)...,DA/DA/DE,A/T/A+T)
DATA

ANG1 ANG2 E DATA

ADEG ADEG MEV MB/SR2/MEV
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b.) d*c/dQ/dE'/dE": probability that, if a particle a in emitted at a mean angle of & to the
incident beam direction in the reaction plane and an energy E., particle b will be emitted
at an energy E»; given as d*°c/dQu/dE4/dE». The data are given in units of cross section per
unit solid angle per unit energy squared (e.g., mb/sr/MeV?).

REACTION coding: pa/pE/DE in SF6, particles in SF7 as a/b/a (e.g., p/A/P)

Unit type: D3 (e.g., MB/SR/MEV2)

The energies are coded under the data heading £1 and E2 in the same order as the
particles appear in SF7; the angle 6. is coded under ANG1 or ANG2 to correlate with the
energy of the same particle.

c.) d*c/dQ/dQ/dE"/dE": probability that, if a particle a in emitted at a mean angle of & to the
incident beam direction in the reaction plane and an energy E., particle b will be emitted
at a mean angle of 6 to the incident beam direction in the reaction plane and an energy
Ep; given as d*c/dQ./dQus/dE./dEs. The data are given in units of cross section per unit
solid angle per unit energy squared (e.g., mb/sr?/MeV?).

REACTION coding: pa2/pe2 in SF6, particles in SF7 as a/b (e.g., /1)

Unit type: D4a (e.g., MB/SR2MEV2)

The angles € and 6 are coded under the headings ANG1 and ANG2 in the same order as
the particles appear in SF7; the energies are, similarly, coded under the headings £1 and
E2.

d.) Angle/linear momentum distribution d°c/d€)/dp: probability for a particle to be emitted
with a given momentum p’ and angle &, given as (6, p’) = d°c/dQ¥/d p’. The data are
given in units of cross section per unit of solid angle per unit of secondary linear
momentum (e.g., mb/MeV/c).

REACTION coding: pa/pp in SF6.
Unit type: DaP (e.g., MUB/SRMEVC)
The linear momentum is given under the data heading MmoM-sEC.

Separators in REACTION SF7

When differentiation involves parameters associated with two or more particles, they may be
combined by a slash (/) or plus sign (+). A slash is used when several parameters are
associated with several particles, while a plus is used when a parameter is associated with
several particles.

Examples:
,DA/DA,N/P:
Differential for the outgoing angles of neutron and proton (do/dQx/dQ2p)

, DE, N+P:
Differential for the relative energy between neutron and proton (do/dEn-p).
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Relation between REACTION SF7 and Headings
The relation between particle codes in REACTION SF7 and headings of the differential data
are summarized (not exhaustive):

ea eb Oab Ea Eb Eab
,DA/DAa/b ANGI ANG2
'DA/DA a/atb ANGI ANG-RL
,DA/DA/DE,a/b/a ANGI ANG2 El
,DA/DA/DE,a/b/b ANGI ANG2 E2
,DA/DA/DE,a/b/atb | ANGI ANG2 E-RL
,DA/DE/DE,a/a/b ANGI El E2
,DA/DE/DE,b/a/b ANG2 El E2

(A heading with -CM may replace the heading in the table, e.g. ANG2-CM may replace ANG2.)

Treiman-Yang Angular Distribution
Definition: The angular distribution measured as a function of the angle between two
reaction planes for three-particle final states in the anti-laboratory system (i.e., X is at rest).

That is, for the reaction between particles X and Y producing particles a, b, ¢ (see diagram
below), the angle between the planes (X,a,b) and (Y,c). Data are given in the centre-of-mass
system.

Xo

Y

For photonuclear reactions in the centre-of-mass system, it is the angle between the (X,a) and
(Y,b) or (Y,c) planes, where X is the incident gamma, Y is the target nucleus.

(X.a)

_________________________________________

See Shapiro® for more information.

The reaction planes are defined as:
e Plane 1: defined by target (SF1) and residual nucleus (SF4)
e Plane 2: defined by incident projectile (SF2) and particle designator (SF7)

5 1. S. Shapiro et al., Nucl.Phys. 61, 353 (1965)
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REACTION coding: parameter code pa/Tya in SF6, outgoing particle in SF7.
Example:
(2-HE-4 (G,N+P) 1-H-2, , DA/TYA, P)

distribution over Treiman-Yang angle between (*He,?H) and (y,p) planes

The data headings anG-az-cm and paTa-cM should be used in the data table.

June 2022
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Digitization

When the author’s original numerical values have been lost or are not obtainable, data
digitized from graphs, if available, should be entered for completeness. Data of this type
should be labelled with the STATUS code CURVE.

Example:
STATUS (CURVE) Scanned from Fig. 1 of Yad.Fiz.12(1951)345.

Below are some recommendations and guideline agreed in the IAEA Consultant’s Meeting
on Benchmarking of Digitization Software (Vienna, 12-14 November 2012). See the
summary report of the meeting (INDC(NDS)-0629) for more details.

Recommendations

e Ask for numerical data from the authors. Explain to the authors that the original
numerical data from the authors are preferable than values digitized from images.

e Avoid adoption of digitized values when the original values are explicitly given in the
article (e.g., incident energy, detection angle).

o Enlarge the image as much as possible when the image file is created and digitized.
Utilise functions available on the software for this purpose (e.g., "magnifying glass").

o Digitize the beginning and end points of scales with special care to avoid systematic
errors.

e Check the values of the beginning and end points (labels on scales) after digitization
of the image.

e Quote the digitization uncertainty to two significant digits to avoid an unexpected
coincidence in digitized values.

Guideline for Expression of Digitized Data

1. Keep consistency for the number of digits between the digitized values and

uncertainties.
Example:
DATA
EN DATA DATA-ERR
MEV MB MB
14.1 12.34 2.34
14.3 12.3 2.3
14.5 1.234E4+01 0.234E+01
14.6 1.23 E401 0.23 E+01
ENDDATA

2. Use the fixed and floating decimal point expression for the numbers digitized from
linear and logarithmic scale, respectively.

D.22 June 2022



LEXFOR

Examples:
12.345 (a value digitized from linear scale)
1.2345E+02 (a value digitized from logarithmic scale)

3. Digitization accuracy may be given in the absolute unit (e.g., ADEG) or relative unit
(e.g., PER-CENT) for the numbers digitized from linear and logarithmic scale,
respectively.

Example:

COMMON
ANG-ERR-D ERR-DIG
ADEG PER-CENT
0.12 1.2
ENDCOMMON
DATA
ANG-CM DATA DATA-ERR
ADEG MB MB
5.67 3.456E+02 0.234E+02
12.31 2.345E+02 0.123E+02

ENDDATA

4. Consider rounding of digitized values to integers if values are for atomic numbers,
mass numbers etc., and digitized values are close to integers.
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Dosimetry Neutron Reaction Data

(See also Standards).

A list of the "most-needed" neutron reaction data identification follows.

Activation Reactions

(for use with neutron threshold detectors)

®Li(n,x)*He
19B(n,x)*He
14N(Il,p) 14C
YF(n,2n)'®F
2Na(n,y)**Na
2Na(n,2n)**Na
**Mg(n,p)**Na
27Al(n,0)**Na
27A1(1’1,p)27Mg
31 P(l’l,p)3 1 Si
328(1’1,[))321)
43Sc(n,y)**Sc
43Sc(n,2n)*Sc
43Sc(n,2n)*mSc
4Ti(n,p)*Sc
4TTi(n,n+p)**Sc
TTi(n,d)*Sc
4ITi(n,p)*"Sc
“TTi(n,p)*'Sc
Ti(n,p)*Sc

Fission Reactions

232Th(n,f)
U@

D.24

“Ti(n,n+p)*’Sc
>Mn(n,2n)**Mn
>Mn(n,y)**Mn
4Fe(n,p)>*Mn
4Fe(n,a)’'Cr
*Fe(n,p)*Mn
8Fe(n,y)*Fe
Co(n,p)*°Fe
3Co(n,a)**Mn
3Co(n,2n)**Co
3Co(n,y)*Co
¥Ni(n,p)**Co
¥Ni(n,2n)*’Ni — *’Co
ONi(n,p)®°Co
8Cu(n,a)*Co
$Cu(n,2n)**Cu
8Cu(n,y)**Cu
%Cu(n,2n)%Cu
847n(n,p)®**Cu
47n(n,2n)*Zn

2U(n,)
*"Np(n.f)

9Zr(n,p)°Y
99Z1r(n,2n)%Zr
%*Nb(n,n')**™Nb
%3Nb(n,2n)”*™Nb
%Mo(n,y)”’Mo — *™Tc
103Rh(n,n‘)103mRh
109Ag(n,y)1 IOmAg

1 1511’1(1’1,1’1')1 15mh,1

1 15111(1’1,'Y) 1 16mIn
1271(1’1,21’1)1261
181Ta(n,y)182Ta
186W(H,Y)187W
197Au(n,y)198Au

97 Au(n,2n)!*°Au
¥7Au(n,3n)!*Au

197 Au(n,4n)'**Au
199Hg(l’l,1’1’)199mHg
22Th(n,2n)>' Th
232Th(1’1,’Y)233Th N 233Pa
238U(H,Y)239U N 237Np

239Pu(n,f)
241 Am(n,f)
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Elements

Naturally Occurring Elements
Naturally occurring elements are, in general, entered with 4=0 (e.g., 26-FE-0).

Monoisotopic Elements
When target nuclide belongs to a monoisotopic element, the atomic weight of the naturally
occurring isotope is coded. A list of monoisotopic elements follows.

4-BE-9 27-CO-59 59-PR-141

9-F-19 33-AS-75 65-TB-159
11-NA-23 39-Y-89 67-HO-165
13-AL-27 41-NB-93 69-TM-169
15-P-31 45-RH-103 79-AU-197
21-SC-45 53-1-127 83-BI-209

25-MN-55 55-CS-133 90-TH-232

Nearly Monoisotopic Elements

Nearly monoisotopic elements may be entered with the 4 (mass number) of their main
isotope only in cases where there is no noticeable influence from trace isotopes on the data
presented, e.g., most total and elastic scattering cross sections. Special care should be taken
with the capture cross section. Partial cross section leading to levels in one of the trace
isotopes should always be coded under that isotope.

Following is a list of nearly monoisotopic elements:

1-H-1 7-N-14 57-LA-139
2-HE-4 8-O-16 73-TA-181
6-C-12 23-V-51

Synthetic Elements
Synthetic elements must always be entered with a mass number 4 (#0).

43-TC 84 <72<89 93<Z
61-PM 91-PA

Super-Heavy Elements
Super-heavy elements that do not have an element symbol are coded using an * for the
element symbol (e.g., 120-*-302). See Dictionary 8.

Note:
The hydrogen isotopes are always coded using the element symbol H, (e.g., 1-H-2, 1-H-3).

See also Target Nucleus.
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Errors
(See also Covariance, Resolution).

Definition: The uncertainty on the mean value of a variable'.

Keyword ERR-ANALYS

Free text explanation of the error sources and of the numerical uncertainties values is given
under the keyword ERR-ANALYS. In order to link the explanations to the numerical data, the
relevant data headings are given in parentheses, starting in column 12, and are followed by
free text; when only one data error is given, the data heading need not be given (see EXFOR
Formats Manual Chapter 7: ERR-ANALYS). Free text should contain a statement of the
error type included in the quoted uncertainties, and also those error types that are not
included.

The numerical uncertainty values quoted in the COMMON or DATA section are relevant
only in conjunction with an appropriate entry under ERR-ANALYS, explaining the type of
uncertainty and percentage of contributing uncertainties. Therefore, the compiler should be
careful to define the information given. The following aspects are useful for a precise
definition of the uncertainty:

1. error-type, such as:
e statistical or random uncertainty (uncorrelated)
¢ systematic uncertainties (may be correlated)
sample related: mass, geometric effects, multiple scattering, self-absorption.
detector related: efficiency, calibration
normalization: monitor cross section, flux determination

2. total error or partial error, for example, the statistical uncertainty, which is most often a
partial along with other uncertainties, may be the total uncertainty if other sources of
uncertainty are negligible.

3. shape of error function, such as:
e Gaussian, symmetric
e triangular, symmetric
e unsymmetric, for example 8.5+0.5/-0.2

4. error measure, such as:
e standard deviation 68% probability that the true value is within error bars in Gaussian
distribution
e confidence limits: when errors are given as confidence limits various definitions exist,
for example, 95% probability, which corresponds to approximately
two standard deviations.
e errors supposed not to exceed: approx. 100% probability value is within error bars.

5. error correlations: within systematic uncertainties and with other quantities measured in
the same experiment; see also Status: Interdependent Data.

! The terms error and resolution are often misused in the literature. Distinguish between them where possible.
See Resolution.
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Energy Uncertainties

Numerical values for the uncertainty in a monochromatic incident-neutron energy or of the
mean energy in an incident-neutron spectrum may be entered in the COMMON or DATA
section using data headings from Dictionary 24 with the family code b, e.g., EN-ERR. Further
information can be given in free text under the information-identifier keyword ERR-ANALYS.

Data Uncertainties
Information on the uncertainties associated with the data compiled is entered in one of two
ways depending on whether a complete analysis of the uncertainties has been done.

Detailed analysis of the uncertainties has not been done or the compiler does not have
enough information to know if a complete analysis has been done.

The uncertainties should be entered in one of the following ways:

1. in the COMMON or DATA section under the data heading pATA-ERR with an
explanation in free text under ERR-ANALYS. If two or more errors of different types are given
referring to the same data, data headings of the type pATA-ERR1 and DATA-ERR2 are used.
Unsymmetrical errors are identified using the data headings +DATA-ERR and -DATA-ERR.
Statistical uncertainty may be entered as ERR-s; total systematic or correlated uncertainty
may be entered as ERR-5YS.

2. as free text information under ERR-ANALYS.

Detailed and complete analysis of the uncertainties has been done.
The detailed error formats are used:

1. The numerical values for the statistical and systematic uncertainties are entered in the
COMMON or DATA section under the data headings ErRrR-s and ERR-SYS, as above, The
total uncertainty is entered under ERR-T (total) with the partial uncertainties entered under
ERR—1, ERR—2, efc. (see Dictionary 24). The definition of the different partial uncertainties
is given under ERR-ANALYS in free text comments preceded by a code containing the
relevant data heading.

2. Only uncertainties that are one standard deviation (or the equivalent for systematic
uncertainty) are entered in this format. If the author gives 2- or 3-sigma uncertainties, they
should be converted to 1-sigma uncertainties before entering. Other types of uncertainty
information may be entered in free text.

3. The correlation property for the systematic uncertainties is coded under ERR-ANALYS
following the data-heading code, if known (see EXFOR Formats Manual Chapter 7: ERR-
ANALYS).

Emphasis should be given to the compilation of detailed information on the uncertainties for
experimental data on neutron cross sections for standards (see Standards) and dosimetry
reactions (see Dosimetry Neutron Reaction Data). When the required error information for
these data is not given in the literature, every effort should be made to obtain it from the
experimentalists.
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Error Correlations
Data that have been measured by the same technique have certain systematic error sources in
common and are, therefore, interdependent; their errors are correlated.

Examples:
v for 23U and #*>U, both measured in the same manganese bath.

Absorption, 1_/, and a all obtained simultaneously in the same experiment

Evaluators must carefully consider error correlations. Therefore, the compiler should attempt
to enter all required information on common error sources and cross-references between
interdependent data sets or subentries. This is particularly worthwhile in the case of private
communications; in other cases, evaluators might rather use published references.

The correlation properties of the source of uncertainty are entered as a fourth field under the
information-identifier keyword ERR-ANALYS (see. EXFOR Formats Manual Chapter 7: ERR-
ANALYS).

Digitizing Errors
Errors in the digitizing of a data set by a compiler are given under a separate set of heading:

ERR-DIG = Error in digitizing data values

ANG-ERR-D = Error in digitizing the angle values.

E-ERR-DIG = Error in digitizing the secondary energy values.
EN-ERR-DIG = Error in digitizing the incident energy values.

Other Uncertainties
For uncertainty in mean secondary energy, see Secondary Particles. For uncertainty in
mean angle, see Angle. See index for information on other uncertainties.

Heading Usage

ERR-T Total uncertainty which components are also given under ERR-S, ERR-SYS,
ERR-1, MONIT-ERR etc.

ERR-S Statistical uncertainty

ERR-SYS Total systematic uncertainty (partial systematic uncertainties are known or
unknown)

ERR-1, Partial uncertainty for which more specific one (e.g., MONIT-ERR) is not

ERR-2, defined.

MONIT-ERR Uncertainty in monitor reaction cross section

DATA-ERR 1. Uncertainty which property (statistical or systematic) is uncertain for the

compiler

2. Total uncertainty which components are not given under ERR-S, ERR-
SYS, ERR-1, MONIT-ERR etc.

DATA-ERRL,  Similar to DATA-ERR, but more than two components of uncertainties are

DATA-ERR2, .

given by authors.
ERR-DIG Uncertainty due to digitization.
EN-ERR-DIG
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Reference
D.L. Smith and N. Otuka, Nucl.Data Sheets 113(2012)3006, in particular Section V.E.

June 2022

E.5



E.6

LEXFOR

(Blank page)

June 2022



LEXFOR

Fission
(See also Fission Yields, Fission-Neutron Spectra, Delayed Fission Neutrons).

Theory
The following definition applies in the low energy region and is based on currently accepted

models.

When a nucleus is excited with sufficient energy such that the electrostatic repulsion will be
greater than the surface forces holding the nucleus together, it may undergo scission. At the
scission stage the nucleus generally divides into two deformed and excited fission fragments
of comparable mass. This process is called Binary Fission.

Much less frequently, the nucleus divides into three fragments, where the size of the third
fragment varies between a ‘scission neutron’ and a fragment similar in size to other two
fragments. This process is called Ternary Fission.

Fission can occur either spontaneously, or by the capture of an incident particle. In spontaneous
fission, the nucleus exists in a deformed state and with a potential energy high enough to allow
tunnelling through the potential fission barrier. In the case of capture, a particle is absorbed
forming a highly excited nucleus which then undergoes deformation.

For further detail see Hyde [1] and Feather [2].

Compare: Reaction Mechanisms.

Binary Fission
REACTION Coding: r in SF3.

Example: (..(N,F),,s1G) Neutron fission cross section
Special rules apply for the coding of the Reaction Product (see EXFOR Formats Manual
Chapter 6).

Spontaneous Fission
REACTION Coding: 0 in SF2; F in SF3..

Example: (98-cr-252(0,F),,NU) Spontaneous fission for 22Cf

Fission Fragments

For quantities related to the bulk of heavy or light fission products, the codes HF (heavy
fragment) and LF (light fragment) are used in reaction SF7 (particle considered); the code Fr
is used for quantities that apply to both heavy and light fragments.

Example: (..(N,F),,AKE,HF)  Average kinetic energy of heavy fragments
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Fission Asymmetry

In the case of binary fission where the fission nucleus divides with high probability into two
unequal fragments, the ratio of the mean mass of the heavier fission fragment to that of the
light fission fragment is called the fission asymmetry.

See also Fission Yields.

REACTION Coding: ((..(N,F),,AP,HF)/(..(N,F),,AP,LF))

Ternary Fission
REACTION Coding: TER in SF5

Example:
(..(N,F)2-HE-4, TER, SIG) Alpha production cross section in ternary fission
(..(N,F) 2-HE-4, TER, DA) Angular distribution of fission fragment in ternary fission'

Frequently, the ternary fission is further specified by the accompanying light particle, e.g., a-
particle accompanied ternary fission. Such information should be coded by specifying the light
particle in reaction SF4.

Example: (N, F)2-HE-4,TER,SIG) Cross section for a-accompanied ternary fission
Partial Fission Cross Sections

The fission cross section is a sum cross section, for example:
(n,f) = direct fission® + (n,n'f) + (n,2nf) + ...

the partial fission cross sections are coded under the keyword reaction as follows:
(n,n'f) (N,N+F) ,, SIG

(n,2nf) (N, 2N+F) , , SIG
(n,yf) (N,G+F),,SIG
References

[1.] E.K.Hyde, The Nuclear Properties of Heavy Elements, Vol. III (Prentice Hall, 1964).
[2.] N. Feather, Ternary Fission, Physics and Chemistry of Fission, Vienna, 1969 (I.A.E.A.,
1969) p. 83.

! This is a partial cross section for those ternary fissions accompanied by the light charged particle specified.
2 For the coding of a direct fission cross section, a new branch code (e.g., DIR) could be introduced for SF5 as
soon as such a case occurs and is to be coded in EXFOR.
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Fission-Neutron Spectra
(See also Delayed Fission Neutrons)

Theory
Fission-neutron spectrum data are fitted either to a Maxwellian, a Watt, or a Madland-Nix

spectrum or to one of several other defined spectra.’
The Maxwellian spectrum* has the shape:
_E
y(E)oc JEe ¥

where E is the energy of the fission neutron
kT 1is the spectrum temperature given in MeV.

Also often given are the average (mean) kinetic energyf and the most probable energy Ep
which are given as:

E=34T

2
E =iir=1g
7 3

. The Watt spectrum? is based on the assumption that fragments emit neutrons with a
Maxwellian spectrum in the centre-of-mass system. The shape of the Watt spectrum is:

E
- 2
E) e ' sinh| =, /EE,
2(E) ( T«/ »,j
where kT is the spectrum temperature given in MeV but deviating from the

temperature defined in the Maxwellian fit
Er 1is a theoretical fragment kinetic energy per nucleon.

The average kinetic energyf is given as:

E:Ef+§kT
2

The Madland-Nix spectrum® has the shape

HE) % [f, (BB )+ £, (BB )

where E energy of the fission neutron
Ewr, ELr  average kinetic energy per nucleon of the heavy and light fragments
The numerical value of E should be approximately the same disregarding the spectrum shape
to which the data were fitted.

3 The Maxwellian and Watt spectra are considered as only rough approximations; a Double Watt Spectrum is
preferred. The 252Cf spectrum, which is more accurately known, suggests that none of the presently-used fits is
sufficient.

4 See Terrell [1].

5 See Watt [3].

¢ See Madland [4]. See this reference for a complete definition of the spectrum.
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Use of SF5=PR for Prompt Fission Neutron Spectra

The branch code pr is used when (1) the authors explain their fission neutron spectra with the
word “prompt” explicitly, or (2) the time-of-flight (fission fragment signal and neutron
detection signal) is used to identify each neutron.

Absolute Spectra of Fission Neutrons
REACTION coding: nU/DE in SF6.

Units: a code from Dictionary 25 with the dimension FYDE (e.g., PT/FIS/MEV)

Examples:
(..(N,F),PR,NU/DE) Energy spectrum of prompt fission neutrons
(..(N,F),DL/PAR, NU/DE) Energy spectrum for a specific delayed-neutron group

The spectrum is often given as the ratio to reference prompt fission neutron spectrum (e.g.,
prompt neutron fission spectrum for 23°Cf spontaneous fission)

Example:
((92-U-235(N, F) , PR,NU/DE) /98-CF-252 (0, F) , PR, NU/DE) )

Spectra Normalized to Probability Distribution
The fission neutron energy spectrum normalized to probability distribution is given by:

j X(E)dE =1

where: E 1is the fission neutron energy,
X(E) 1is the spectrum.

REACTION coding: nu/DE in SF6; npD in SFS.

Units: a code from Dictionary 25 with the dimension FYDE (e.g., 1/FIS/MEV)

Data are also often given in arbitrary units, which require the REL modifier in the reaction code.
Example: (98-cr-252(0,F),PR,NU/DE, , NPD)

Details of the fit and of the spectrum shape assumed should be given under the keyword

analysis.

Spectra Relative to Maxwellian Spectrum
The fission neutron energy spectrum given as a ratio of the Maxwellian spectrum is given by

2(E)
JE exp(— E/kT)

. These data are coded using the modifier code MxD in SF8; the spectrum temperature for the
Maxwellian spectrum is given under the data heading KT-NRM.

REACTION coding: Parameter code nu/DE in SF6, modifier code mMxD in SF8.
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Units: a code from Dictionary 25 with the dimension No. (e.g., NO-DIM)

Example: (98-cr-252(0,F),PR,NU/DE, ,MXD)

Spectra Divided by Square-Root of Neutron Energy
The neutron spectra divided by square-root of the neutron energy

E

AE)
JE

are sometimes shown. Because y(F) is well approximated by the Maxwellian spectrum, the

logarithm of this quantity is proportional to the neutron energy.

REACTION coding: Parameter code nU/DE in SF6; RRE in SFS.

Units: usually given in arbitrary units (ARB-UNITS)

Example: (98-CF-252(0,F),PR,NU/DE, ,RRE)

Average Kinetic Energy of Fission Neutrons

It is also desirable to compile mean-energy values because they are rather independent of the

spectrum shape assumed and frequently needed for measurement analysis (detector response,
etc.).

The particle code ~ is coded under reaction SF7 when the neutron was measured with fission
fragment coded in reaction SF4, otherwise 0-NN-1 is coded in reaction SF4.

REACTION coding: Parameter code k& in SF6.

Units: a code from Dictionary 25 with the dimension E (e.g., KEV)

Example:
(..(N,F)0-NN-1, PR, KE) Average kinetic energy of prompt neutrons
(--- (-, F)ELEM/MASS, PR, KE, N) Average kinetic energy of prompt fission
neutrons measured with product nuclei which are
given in the DATA table under headings mass.
References
[1.] J. Terrrell, Fission Neutron Spectra and Nuclear Temperature, Phys. Rev. 113, 527
(1959).

[2.] A. B. Smith, Fission Neutron Spectra: Perspectives and Suggestions Prompt Fission
Neutron Spectra, Proc. Consultants' Meeting, Vienna, 1971 (LA.E.A., 1972) p. 3.

[3.] B.E. Watt, Phys. Rev. 87, 1037 (1952).
[4.] D.G.Madland and J. R. Nix, Nucl. Sci. Eng., 81, 213 (1982).

June 2022 F.5



LEXFOR

Fission Neutron Yield

Nu-bar (;)

Definition: Average number of fission neutrons emitted per fission event.

REACTION Coding: nu in SF6.

Examples:
(..(N,F),,NU) total neutron-induced fission nu-bar (V)
(..(0,F),PR,NU) spontaneous fission prompt nu-bar (17P)
(..(P,F),DL, NU) proton-induced fission delayed nu-bar (V)
(..(N, F),NUM, NU) probability for the emission of n neutrons from neutron-

induced fission (n is coded in the data section under the
heading pPART-0OUT).

Sum rule: v =v, +v,

See also Delayed Fission Neutrons

For average neutron yield per nonelastic process, see Nonelastic: Eta.

Ouantities for Neutrons at Specific Total Kinetic Energy

Total kinetic energy dependence of prompt fission neutron quantities (e.g., multiplicities,
average emission energy) which is not partial for the total kinetic energy (i.e., not additive for
total kinetic energy).

REACTION Coding: TKE in SF6.

Example:
(..(0,F),PR,NU/TKE) Prompt fission neutron multiplicities at the total kinetic energy
specified.

The total kinetic energy is given under the heading TXE.

Quantities for Neutrons Emitted from a Specific Fragment

If a prompt fission neutron quantity (e.g., multiplicities, average emission energy) is given for
a specific fragment (e.g., MASS in REACTION SF4) and the quantity is for neutrons emitted from
the fragment specified, the branch code FrG is coded in SF5. Fragment mass dependence of
such quantities Q(A) for fissioning of compound (mass Ac) is characterized by asymmetry with
respect to the half of the compound mass Q(4c-4) # Q(4) (e.g., fragment mass dependence of
fission neutron multiplicities known as “saw-tooth curve”).
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Examples:
(..(0,F)MASS, PR, NU) Multiplicities of the prompt fission neutrons emitted with the fragment
whose mass is specified.

(..(0,F)MASS, PR/FRG,NU) Multiplicities of the prompt fission neutrons emitted from the
fragment whose mass is specified.

June 2022 F.7



LEXFOR

Fission Yields
(See also Fission Neutron Yields).

Theory
The fragments formed at the scission stage by a nucleus undergoing fission are called primary,

initial, or pre-neutron emission fragments.

The primary fragments repel each other, obtain their full kinetic energy (e.g., 90 MeV), emit
prompt neutrons (<4x10'* sec) and gamma rays (<10!'! sec), are slowed down in the
surrounding medium, and stopped. These fragments are called secondary fragments, post-
neutron-emission fragments, or primary fission products (the emitted y-rays may cause
conversion B's and X-rays).

The secondary fragments undergo (after .01 sec and more) a series of B-decays forming
secondary products, and end up in stable nuclei. For certain products the emission of delayed
neutrons competes with y de-excitation, both following the B-decay process. In most of these
stages mass yields and charge dispersions are measured as well as energy distributions.

The terms fragments and products are not clearly distinguished. Most frequently the border-
line between fragments and products varies, and often the word fragment is used as an overall
term, including all stages of decay.

Fission fragments are often specified only by their mass, including all Z-numbers, so that the
fragment yield remains constant during B decay. Fission products are usually specified by Z
and A. A specified fission product is obtained in two ways: either immediately from fission
(primary yield) or from the decay of another fission product. Thus, the total amount of a
specified fission product varies with time. Very short-lived fission products may, nevertheless,
be most important, because some have extremely high capture cross sections (10° b). Finally,
all decay to stable end products, partially via metastable states. For odd 4-numbers, only one
stable end product exists that is significantly formed in fission; for even 4-numbers, one or two
exist.

The sum of the yield for all fission products will, in
general, add up to 200%, i.e., 100% for each of the
heavy and light product distributions (see example in
figure’). Since in ternary fission more than two
fragments are formed per fission, the yields for all
fragments sum up to a bit more than 200%.

Yield (%)

For further information, see Pappas [1] and Walker [2]. ol L

B0 Lo 00 e 1200 130 140 150 160

Mass (amu)

7 Taken from F. Vives et al., “Investigation of the fission fragment properties of the reaction 23¥U(n,f). at
incident neutron energies up to 5.8 MeV”, Nucl. Phys. A662, 63 (2000).
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Absolute Yields (Fissions and fission fragments are counted independently.)
REACTION coding: ry in SF6; yield type is specified in SF5

Units: a code from Dictionary 25 with the dimension Fy (e.g., PC/FIS).

Relative Yields
REACTION Coding: same as above with REL in SF8

Units: ARB-UNITS

However, emission of light particle in ternary fission does not change the sum of yields in the
binary fission mass range usually measured, and other mass splits in ternary fission are
negligible, therefore, relative yield measurements may be normalized to 200% if the
measurement was made for a sufficient large number of fragments. If this is done, the data
table may include some values that have not been measured but obtained by interpolation; such
values must be labelled by flags.

The fission product considered is coded under reaction SF7 when the product is gamma,
neutron or light charged particle measured with fission fragment coded in reaction SF4,
otherwise the fission product considered is coded either in reaction SF4 or as a variable in the
data table. Note that fission neutron yield is always coded by nu in SF6.

Examples for product nuclei coded within the reaction code:

(92-U-235(N, F) 54-XE-124, IND, FY) independent yield of the fission product
12450
(92-U-235(N, F) 54-XE-133-G, CUM, SIG) cumulative production cross section for

the fission product !**¢Xe for coding
product nuclei as variables in the
DATA tables:

(92-U-235 (N, F) ELEM/MASS, IND, FY) independent yield of specified product
nuclei which are given in the DATA
table under the data headings element,
mass and isomer (if applicable).

(92-U-235 (N, F) MASS, CHN, FY) chain yield of several mass numbers
given in the DATA table under the data
heading mass.

(92-U-235 (N, F) , PR, NU) prompt fission neutron multiplicity
(92-U-235(N, F) 0-G-0, , FY) fission gamma yield
(92-U-235 (N, F) ELEM/MASS, PR, NU) prompt fission neutron multiplicity

measured with product nuclei which are
given in the DATA table under
headings element, mass and isomer (if
applicable).

(92-U-235 (N, F)MASS, , FY,G) fission gamma yield measured with
product nuclei which are given in the
DATA table under headings mass.
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(92-U-235 (N, F) MASS, CHN, SIG) chain cross section of several mass
numbers given in the DATA table
under the data heading mass

See Reaction Product and EXFOR Formats Manual Chapter 6: Variable Nucleus for details.

Absolute Cross Sections (Fission fragment production cross section)

The absolute yield may be also expressed by the fission fragment production cross section.
The relation between the cross section and fission yield is ¢ (Z,4) = FY(4,2)*cr, where or is
the fission cross section of the reaction.

REACTION coding: s1G in SF6. Branch codes (SF5) for absolute yields may be used.

Units: a code from Dictionary 25 with the dimension B (e.g., MB).

Primary Fission-Fragment Yield

The primary yield per fission of fission-fragment mass 4 before prompt neutron emission. It
may also be called pre-neutron-emission fragment-mass distribution. In all experimental
techniques corrections for some prompt neutrons already emitted cannot be avoided.

REACTION coding: prE in SF5.
Example: (....(N,F)ELEM/MASS, PRE, FY)

Secondary Fission-Fragment Yield

The secondary yield per fission of fission-fragment mass A4 after prompt-neutron emission, but
before B decay and delayed-neutron emission. It may also be called post-neutron-emission
fragment-mass distribution.

REACTION coding: stc in SF5

Example: (..(N,F)MASS, SEC, FY)

Independent Fission-Product Yield

The direct or independent yield per fission of a primary fission product specified by Z and 4;
i.e., after prompt neutron emission, but before B decay and delayed-neutron emission, including
only the direct yield and not the yield obtained from decay of other fission products.

REACTION coding: 1nD in SF5.
Example: (.. (N,F)ELEM/MASS, IND, FY)

Sum rule: The secondary yield is equal to the sum, over all Z (for one A) of the independent
yields.
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Experimental data for independent yields of the product (Z,4) include yields from the delayed-
neutron emission of the product (Z,4+1) or from the B decay of the product (Z-1, 4), if
separation times are not short against the relevant decay times. Corrections are required and
should be mentioned under the keyword correction. Fragment-mass yields are not affected by
beta decay but only by delayed-neutron emission.

Cumulative Fission-Product Yield

The cumulative yield per fission of a secondary fission product specified by Z and 4, i.e.,
after prompt-neutron emission, and including the independent yield plus the yield from decay
of other fission products.

REACTION coding: cuM in SF5.
Example: (.. (N,F)ELEM/MASS, CUM, FY)

Sum rule: cuu, rY for the B-decaying product (Z-1,4) + 1nD, FY for product (Z,4) =
cumM, rY for product (Z,4), if the products (Z-1,4) and (Z,4+1) are not delayed-
neutron emitters.

The following events may add to the cumulative yield of the fission-product (Z,4) in its ground
state:

¢ independent yield from fission

e [} decay from product (Z-1,4) in ground state

e [} decay from product (Z-1,4) in a metastable state

¢ delayed-neutron emission from product (Z,4+1)

e isomeric transition from a metastable state of product (Z,4)

In addition, the product Z