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Current status of compilation of experimental
FYs

K

collect, compile and correct experimental FY data for:
238(n,f), 2*"Pu(n,f), 2**Pu(n,f), 2°U(n,f)

collect, compile, correct and evaluate Isomeric Yield Ratios from all fissioning
systems (sf, n-, g-, p-induced)

start from NSR database (expected to be more complete than EXFOR
compilation)

Import FY into database and implement correction for decay data

Use dependencies // FY(A|Z), FY(Z|A), FY(Z,A,E) // to identify outliers or
issues with experimental data

Document and report EXFOR compilation issues, outliers, changes to
uncertainties / experimental values, possibly unreliable measurements
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Retrieval of references and exp. data

A 8 c D E F G s
N " Xd link
. 9 NSR-BibNr  NSRiink P (paste (’::t"ar“?) b Details En/E* A
« started with 150-200+ ref : e
S a r e WI re e re n Ces 1958BIZZ https//awww.nnd  [] 12356 (n, F) E=thermal
. . | e : Te-
.I.'O r. eaCh SySte m . Id e ntlfy u Sefu I 1964FA12 S :zz;z | |§: 2 i3;{;/4103;;(6/133Xe/134><e/135><e/135xe/ E:t::::::
R 19660K03 S 13287 (n, F) 135Xe E=thermal
refe re n CeS Wlth N S R Se I eCtO rS / 19705#98 MTQSHWW‘\: nnd 41078 (n, F) 141La/143Ce/145Pr/149Nd/149Pm/151Pm/ Eztherma\
. s i o on =
studying the papers L i
hitps/www.nnd  [] 41080 (n, F) E=slow
https/f a [ 13285 acof13085 [n E) QSKr E—thormal
|dentify those that have / do not T (L S = SICR

1975MAZV
1977RA13
1977BR11

have a corresponding EXFOR
entry (too recent, being worked on,
not properly linked in the db, etc.)

nfa 0
mtgs 1 n/a 0 1 1-n transfer reaction (CN: 239U) near barrier fission
hﬂs Jiwww.1 https://www.nnd 14522 1 fast

2017NA17 hitps/A 1 hitps://www.ni https://www.nndc 33106 1 charge distributions

FY mass distro | new data? Also see: LLNL 0.5-14.8 MeV

2016DU22
2015NA13

mass landscape / Fragment Y

https:/i https:/iwww.1 https://www.nnd 33093 FP offline: Y, peak/valley ratio E=6.35, 8.53, 12.52 MeV

* We used the table of references as

1
1 1
1 1
2015BH09 hitps:/) 1 https://www.1 https://www.nnd 14423 1 92Sr97Zr 99Mo 132Te 1331 140Ba 143Ce 14 8.9 MeV TUNL
2015vO011 https/A 1 https://www.nt hitps://www.nndc| 0 1 inv-kin
- . 2014TO09 hitps/A 1 hitps://iwww.nt hitps://www.nndc 14402 1 XS/Yields? <200 MeV
the sta rting point of the data T T —e e e e
2014G0O06 hitps:/A 1 hitps://iwww.ni https://iwww.nndc 41598 1 FFyields

compilation
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2013KH11
2013GR14
2012F107
2012RUZZ
2011RY09

https:/A
https:/A
hitps:/,

1

n/a 0
https://www.1 https:/iwww.nnd 33052
https://iwww.ni https://iwww.nndc 41483
hitps://iwww.ni https://iwww.nndc 14377
https://iwww.nt hitps://www.nndc 14441
n/a 0

of 2011RY04? 0

ESSEE M - I -

2010AD13

https://iwww.nt hitps://www.nndc 41529

FY mass distro
FFY's

deduced atomic X-ray yields per fission

FPs mass distro

E=3.72, 5.42, 7.75, 10.09 MeV
E=5, 6.5 MeV.

0.7-400MeV

0.00001 - 10 MeV'

99Mo/95Zr/137Cs/140Ba/141,143Ce/147Nd E=0.4-1.9 MeV LANL
inv-kin --> the X4 file doesn't contain all info?




EXFOR — JSON-FY — FYdb

<A - .
KR
NRDC Experimental Nuclear Reaction Data (EXFOR)
pR=N=Na Database Version of 2019-10-24
The EXFOR library contains an extensive compilation of experimental nuclear reaction data. Neutron reactions have been compiled
systematically since the discovery of the neutron, while charged particle and photon reactions have been covered less extensively.
The EXFOR library contains data from 22888 experiments (see statistics and recent database updates)
EXFOR Web Database & Tools Paper: NIM A 888 (2018) 31. Mirror-sites &

JavaScript Object Notation

e Reformat JSON-FY from EXFOR to a more

e Search EXFOR for selected entries linked .
streamlined structure

from NSR (accession number or authors)

e Store in data-structure for easy access
(pandas+JSON) and in OO-database for
storage and query

e Extract a list of datasets using an EXFOR
search

e cross-reference and identify missing links /

. Format allows for flags / annotation / comments
missing datasets

and to include changes to the data

k? Brookhaven
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EXFOR — JSON-FY — FYdb

"format" JSON.FY-0.1.5"

,"now":"2022-08-28T14:28:03.000Z"

,"program" "Converter EXFOR-TO-JSON.FY, by V.Zerkin, IAEA-NDS, 2019-2022 (ver.2022-67-20)"

,"input": { “files": [ {"name":"X4R1464 x4.txt", "format":"EXFOR", "created":"2022-68-28T14:20:11.000Z" } ]
,"output”: { "files": [ {"name":"X4R1464 x4.txt.x4jsonFy", "outBib 0", "created":"2022-08-28T14:28:603.000Z" } L

,"datasets": [

{ "type":"Fvd ", "id":"10517004"

,"suben 0517004", "updated":"20040427" }
,"entry":{"id 10517", "updated":"20040427" }
"authorl""'K F. Flynn+"

,"year":1975
,"refl":{"code":"J,JIN,37,869,197504"

Jour:

Journal of Inorganic and Nuclear Chemistry, Vol.37, p.869 (1975)"

{
4-PU-239(N, F)ELEM/MASS, IND, FY"

:"94-PU-239"
FY"

,"Target
, "ReactionType
., "DataType":"IND,FY"
"Quantlty""'Independent flSSlOl’l product yield"
,"IndvVarFamCode":"0 2

,"MF":801 ,"ReacTypeExp":"Fission product yield"

,"incEnergies": [
{"incEnergy .53e-05,"incEnergyUnits":"KEV","Data":"IND_FY",b"DataUnits":"PART/FIS"
[

,"Products”:
:84 Rb-84" ,"Data":3.9e-10 ,"dData": ,"tl2sec":2851200 ,"Radiations":[ {"Type]
5 Rb-86" ,"Data":1.9e-06 ,"dData" ,"t12sec":1615680 ,"Radiations":[ {"Type|
:"Cs-136" ,"Data":0.001 ,"dData": ,"tl2sec":1140480 ,"Radiations":[ {"Type|
{"Type
1
}
1
¥

import simplified JSON-FY format into FYdb

with 24'Pu compilation, development of a
python code to streamline the conversion /
upload process

Connect View

Collection Help

FYdbFY
Documents

FYdb.FY

Documents

My Cluster

oocunents 509

INSERT DOCUMENT RU=YS

> _sa
Zormat.

MongoDB 3.6.3 Community = UST | @ TABLE

progran:
FY  npue
> output:
FYFlat  datasets
FYProd
> FYdb2 =
Tormat: *
FYdb_ deleted now
progzan
admin > input
 output
config  datasets

> datasets

moexes 1

Displaying documents 1 - 20 0f 509 <

>
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Decay data correction

 about 20-30% of EXFOR

. . implement corrections in .json Format (cleanup) .csv +
enfcrles Con_tam some sort files -- use .csv file to flag create list of available
of information on decay outliers / compilations errors radcorr files
data used in the

.
EXFORI| NSR year awnorl "EM® 7 A nwa M gpieq  newtzsec oo RS
) ooy g
s 1 s3eees  hupes
a 1 & [ 13
3

§56¢

« update decay data with E B - Correction of .json files
latest values from

ENSDF/NuDat

 initially hand-retrieved
data, with compilation of
239Py implemented an

automatic_retrieval heck d main . £ correction
system usmg the new checC ecay — maln source or corrections

NuDat json format for EXFOR compiled yields (revisions for
~20 EXFOR entries for 2°Pu(n,f) were
reported to Boris & Naohiko)

Update db +
create FY .csv

BEEEEEEBEEEEEEEE ¥

L? Brookhaven

National Laboratory



#
#
#
#

FY correction & update

e For experiments that used y-ray intensities
to determine FYs, the correction can be
implemented

e If the values used in the experiments were
reported/referenced in the original paper
we checked their currency and update the
FY if necessary.

e The maijority of the corrections are within
uncertainties, but correction factors for
older experiments can be significant

I k? Brookhaven
National Laboratory

500 A

300 A

200 A

100 A

239Pu

0.0 0.5 1.0 15 2+
Ratio (New/Old)

076 097 098 099 100 1.01 102 103 104 105 106 1.07 108 108 126


https://docs.google.com/spreadsheets/d/e/2PACX-1vQzEW2z_tgJTCS3m3RU-O_DYiCUYUILCoYrJ_AOkR7eHsS021q6uwiJizcsKl9x1fI2na282WnhgjnN/pubchart?oid=650822341&format=interactive

Flagging / Corrections / Nuclear Data Update

FY

0040,

0030,

0020

239py CUM Fission Yields - A = 91

oo ..A_%:Aoi—

ta

LR ]

200020000 rnme

|

(Author, Year, IncEnergy/keV)
('B.Finkle+', 1951, 2,53e-05)
{'R.M.Bartholomew+", 1959, 2.53e-05)
('D.A.Marsden+', 1965, 2.53e-05)
('S.P.Dange+', 1969, 2.53e-05)
('A.V.Sorokina+', 1971, 2.53e-05)
(‘'C.M_Jensen+', 1974, 2.53e-05)
(‘C.M.Jensen+", 1974, 450.0)
(‘R.Brissot+', 1977, 2.53e-05)
('W.J.Maeck+', 1979, 2.53e-05)
("A.Ramaswami+', 1979, 2.53e-05)
(’).K.Dickens+', 1980, 2.53e-05)
('J.K.Dickens+ "', 1980, 2.53e-05)
().E.Gindler+', 1983, 170.0)
(').E.Gindler+ %', 1983, 170.0)
('H.CJain+', 1984, 2.53e-05)
('S.A.Chitambar+', 1987, 2.53e-05)
('S.G.Isaev+', 2001, 2.53e-05)
(‘'V.A.Roshchenko+', 2006, 2.53e-05)
("V.A.Roshchenko+', 2006, 400.0)

'

1°1Se

35°1Br 367 1Kr 37°'Rb 3g%1sr 3071 a0®'Zr

1°INb

FY

239py CUM Fission Yields - A = 105

|

sl -

o4

o+ r0e0e

(Author, Year, IncEnergy/keV)
('LJ.Kirby', 1963, 2.53e-05)
('D.A.Marsden+', 1965, 2.53e-05)
('A.V.Baeckmann+', 1966, 2.53e-05)
('C.M.Jensen+', 1974, 2.53e-05)
('C.M.Jensen+', 1974, 450.0)
(').K.Dickens+', 1980, 2.53e-05)
(').K.Dickens+ ¥, 1980, 2.53e-05)
(‘A.Ramaswami+', 1980, 2.5e-05)
('A.Ramaswami+ &', 1980, 2.5e-05)
(').K.Dickens+', 1981, 2.53e-05)
(').K.Dickens+ ¥, 1981, 2.53e-05)
(').E.Gindler+', 1983, 170.0)
(').E.Gindler+ ¥, 1983, 170.0)

s

42105Mo

43105TC 44105Ru dsICISRh

46105Pd

FY

0.025

0.020

0.015

0.010

0.005

239py CUM Fission Yields - A = 127, Z =51 (Sb)

(Author, Year)
m— GEF
ENDF/B-VII..1
J- JEFF-3.3
4 ('D.A.Marsden+', 1965)
().K.Dickens+', 1980)
B (').K.Dickens+ %', 1980)
¢ (').EGindler+', 1983)
® (H.CJain+', 1984)
Y
v
o

(').Laurec+', 2010)
(').Laurec+ ', 2010)
('M.E.Gooden+', 2016)
('M.E.Gooden+ X', 2016)

2000 4000

6000 8000

incEnergy (keV)

10000 12000

use dependences to identify and flag outliers /

compilation errors / conversion issues

document changes in the database

Open issue -- relative measurements: they are
included in our database, but not corrected (yet).

New value for the reference yield?

14000




Isomeric Yields

{  ENDF/B-VIII

The NSR database was used to collect bibliographic

information on all experiments measuring U-238 fast-neutron

induced Fission Yields data. A total of 166 references
| r—— | containing experimental data was retrieved and inspected.

H NUCLEAR SCIENCE REFERENCES



Evaluation of Isomeric Yield Ratios

We retrieved and compiled 538 independent
isomeric yield ratios, from 39 compound nuclei,
and 62 unique fission products.

5x the amount of data available to Madland &
England when they developed the model

LA wee Wealth of new data
\ ==  can be used to
- pbenchmark new

. Am-241

Cf-252
. Pu-240

= models for the

N Pu-241
Pu-238

- prediction of IYRs

. Am-242
mam Cf-249

11.7%

17.1%

k? Brookhaven

National Laboratory

Fission Products

49-In-

20 40
Number of Data Poirlfs




Evaluation of
Isomeric Yield Ratios

compiled all the independent IYR we found in
the literature (NSR + EXFOR) for all fissioning
systems and energies

identification of outliers (decay data, isomeric
state assignments, trends vs IYR in other
measured systems)

averaging of IYR for low-energy n-induced
fission (E_ <2 MeV) -- assumption is that IYR
does not ¢hange dramatically for these low
energies

new recommended experimental yields often
incompatible with the Madland & England model

L? Brookhaven

National Laboratory

Fission Products

32-Ge-81
34-Se-83 -
37-Rb-90 4
41-Nb-95
39-Y-974
39-Y-984
41-Nb-99 4
45-Rh-102 -
47-Ag-120 1
48-Cd-121 A
48-Cd-123 A
49-In-123 A
48-Cd-125 A
49-In-126 -
49-In-127 A
49-In-128 +
51-Sb-128 4
49-In-129 -
50-5n-129
50-5n-130 -
51-Sb-130 4
52-Te-131

50-5n-132 {1

51-Sb-132 -
53-1-132 4
52-Te-133
54-Xe-133 A
53-1-134 4
54-Xe-135
53-1-136 4
55-Cs-138
57-La-146
59-Pr-148 -
61-Pm-148

=D

==

[

HH

0.0

0.5 1

0 15 2.0 2.5

lYRexperimental/lYRMadland

3.0



Recommended Experimental Yields

= @ Available online at www.sciencedirect.com _— TABLE II: Recommended IYR values for all low-energy
. o ermsa 2 MeV) n-i ed fissi reactions on any
b ScienceDirect Nuclear Data (-Thflnl al to 2 MeV) n-induced fission e 1ct1A)}1s on any
‘ﬁ‘ Sheets fissionable target. The recommended yield ratios are ex-
Eosll pressed in the M/T form. The number of data points in
ELSEVIER Nuclear Data Sheets 173 (2021) 118-143 _— brackets represents the number of values excluded from
. " sl the average because considered statistical outliers.
Fission Recomm. Nr. of
Compilation and Evaluation of Isomeric Fission Yield Ratios Product IYR data
(M/T) points
C.J. Sears.:2 A. Mattera.!-* E.A. McCutchan,! A.A. Sonzogni.! D.A. Brown.! and D. Potemkin!-3-4 32-Ge-81 0.32(4) 3
! National Nuclear Data Center, Brookhaven National Laboratory, 34-Se-83 0.11(7) 1
Bldg. 817, P.O. Box 5000, Upton, NY 11973-5000 37-Rb-90  0.526(30) 3(1)
Smith College, 10 Elm Street, Northampton, MA 01063 Nh.Q5 adning
*Stony Brook University, 100 Nicolls Road, Stony Brook, NY 11794 '%l M"'t’ “‘.“_N(Z'))' 1
‘William Floyd High School, 240 Mastic Beach Road, Mastic Beach, NY 11951 39-Y-97  0.695(14) 1
(Received February 18, 2021; accepted March 25, 2021) 39-Y-98 0.139(6) 2
Fission yields are essential data for reactor physics, forensics, and astrophysics. In some cases, the l_l-I\M)ff 0.83(17) 1(1)
fission yield of a fragment is divided between the ground state and a long-lived excited state, and the 45-Rh-102  0.44(14) 1
relative population of the two states is referred to as the isomeric ratio. In this work, we present a 47-Ag-120 0.86(4) 2 (1)
comprehensive compilation of experimental isomeric fission yield ratios for all target and projectile 19-In-120 0.21(20) 1
combinations. When possible. these data are combined to provide recommended isomeric fission 19-Tn-120 M2 0.27(25) 1
18-Cd-121  0.89(11) 1
- . 19-In-122 0.24(10) 1
e Use the recommended experimental values in SIi2 M2 04800 1
18-Cd-123 0.65(6) 2
evaluations for the available nuclides oCa1  08K5 3
- 18-Cd-125 0.85(5) 2
49-In-126 .30(5) 3
19-In-127 5(31) 3
(7) 1

e 42 recommended values for low-energy n-induced fission e e .
. . 19-In-129 0.42(6 2

can be used in the next FY evaluation L= x
19-In-130 M2 0.41(7) 1

50-Sn-130 0.089(7

e The compiled experimental data can be used to extensively R

1: uncertainty recalculated from statistical

test current models A, T
k? Brookhaven

National Laboratory
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ocumenting changes and updates

BNL-219899-2020-INRE

National Nuclear Data Center
BNL-219899-2020-INRE

Impact of current decay data
on fast neutrons **U fission yields
measured with the activation technique

A. Mattera’ ¢, A.A. Sonzogni', E.A. McCutchan', V. Zerkin?,
B. Pritychenko', J. Totans', G. Fabricante'

" National Nuclear Data Centor 2Nuclear Data Section, IAEA
Building 817, Brookhaven National Laboratory Vienna International Centre
Upton, NY 11973-5000, USA PO. Box 100, A-1400 Vienna, Austria
Abstract

Fission product yields are among the key observables of nuclear fission, important for nuclear applica-
tions and theory alike.

For the major actinides, i p the of the fission yields evaluation
process. As part of a larger effort anmed a| updanng the fission yields evaluation currently included in
the ENDF/B nuclear data library, a new compilation of fission yields from fast-neutrons induced fission
of #*U has been carried out at the National Nuclear Data Center.

In the compilation process, the currency of nuclear data used to derive the measured fission yield was
checked and, whenever possible, brought up to date using the latest values available from the ENSDF
database In this report we will describe the steps taken so far, and the future work to extend this

pi to additional fissioning systems.

 amattera@bnl.gov

Contents

National Nuclear Data Center

A curated compilation of #*Pu fission product yields
and impact of updated decay data.

N. Joseph', A. Mattera' ¢, A.A. Sonzogni', E.A. McCutchan', V. Zerkin?,
B. Pritychenko', J. Totans'

Nation r Data Center 2Nuciear Dats Section, IAEA
Bu Nationsi Labovatory Vienna International Centre
Upton, NY 1 I PO Box 100, A-1400 Vienna, Austria

Abstract
Fission product yields from neutron-induced fission of “*Pu have been extracted from the EXFOR
database, compiled and - wherever possible - corrected using the latest values of decay data intensities
from the Evaluated Nuclear Structure Data Files (ENSDF) database.

‘This report will present the and the i to automate the time-
consuming correction process, taking ofthe i i during the ENSDF
modernization process.

National Nuclear Data Center

in product yields
iay data.

utchan', V. Zerkin2,

e been extracted from the EXFOR
atest values of decay data intensities
se.

¢ amatiera@bri.gov

Contents
1
in the for retrieval and tion of fission yields 1
Extraction of decay data & update of fission yields 2
Conclusion & future work 2
Tabulated Data 2

Hey!

Introduction Improvements in the methodology for

retrieval and correction of fission yields
As part of the evaluation effort undertaken by the Cross

Section Evaluation Working Group ( G). exper-

to automate the time-
Ints implemented during the ENSDF

on yields

MNP a L

Ats in the methodology for

retrievar and
As part of the evaluation effort undertaken by the Cross
Section Evaluation Working Group (CSEWG), exper-

of fission yields

BNL tecrep for 23%24'Py will be out before the end of the year

» Share data with Amy Lovell — feedback and correction with model

comparison

National Laboratory

k? Brookhaven

started extraction of *°U data with a new SULI student (J. Henry)




NNDC Experimental activities

Improve decay data (BR) for selected
ission products:

« 30| - experiment performed in
summer 2021. PRC under reviewe

« 140 3 - experiment performed in
summer 2021. Finalyzing analysis

Decay spectroscopy of the blocked fission product e |

A. Matter McCutchan'', S. Zhu'*, C. Morse', M.P. Carpenter’,
P. Copp’. C. Miller-Gatermann®, W. Reviol®, LP. Greene’, M. Gott®

! National Nuclear Data Center, Brookhaven National Laboratory, Upton, NY 11973-5000 and
:I’Il\m s Division, Argonne National Laboratory, Lemont, Hlinois 60439, USA

(Dated: November 2, 2022)

Numerous applications rely on the identification and quantification of fission products with the activation
technique. where y-rays emitted in the decay are used to estimate the initial activity of the radionuclide of
interest. "1 is a so-called blocked fission product, which can be produced only dircctly through fission, a
" was produced using a

property that makes it particularly attractive for nuclear forensics. A source of
(p.n) reaction on cnriched '**Te at the Brookhaven Tandem Van de Graaff and its decay was studied with
Gammasphere at Argonne National Laboratory. Two new levels were identified, and over 25 transitions were
added, removed or re-placed in the level scheme, with intensity measurements made down to 1, = 0.00066
per 100 decays. The uncertainty on the intensities of the strongest transitions, those that are commonly used to
quantify the activity of the radionuclide. was improved by a factor of 2 compared to the previous best assessment
and discrepancies in the literature values were resolved. A detailed angular correlation analysis further permitted
the determination of a number of spin assignments for excited levels and mixing ratios for y-ray transitions.

L INTRODUCTION

135] + 135Xe - experiment at ANL (Oct.
2022)

143Ce - experiment at UMass Lowell /
BNL (Oct. 2022)

¢ Brookhaven

National Laboratory

1307 was used in the early years of radiation therapy as an
I diseases [I). While
its use in radiation therapy was later abandoned in favor of
131 130,

isotope to cure certain endocrinologi

I, more abundantly produced in nuclear fission, *I has
found utility in other applications relating to nuclear foren-
sics and the nuclear fuel cycle. The neighbor to "1, 'L is
a long-lived fission product that can be released into the envi-
ronment at the end of the nuclear fuel cycle. The long half-life
of "1 (T, ;; on the order of 107 y [21[3)) and the single y-ray
emission of only 39.6 keV, makes it a long-term radiological
hazard which is difficult to quantify. The experimental chal-
lenge of measuring 1 decay is circumvented by producing
]

I through neutron activation analysis (NAA) and measuring

3 129
its strong y-ray emissions. NAA on '*’I and the subsequent
130,
measurement of "I B-decay, has been shown to be a con-
o

FIG. 1: (Color online) Portion of the Chart of Nuclides around the

blocked fragment '

sion of this fission neaduct in 4

1: because of the long half-life of

Te, produc-

hannen diectls:



