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Compilation of FYs

e Fission product yields compilation
e Isomeric yield ratios compilation / evaluation
e FYdb interface

e Revisiting E_
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Fission Yield Compilation
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NUCLEAR SCIENCE REFERENCES

The NSR database is used as the starting point of
the compilation to collect bib information on all
experiments measuring Fission Yields.

UPDATED NUCLEAR DATA

All experimental data that used decay data
have been updated to reflect the most
current values available

FY-JSON: A NEW WORKING
FORMAT FOR FISSION YIELDS

V. Zerkin developed an EXFOR-to-JSON
conversion tool (online). We developed a
working format based on this




A working format for experimental FY data

« Adapting the format of experimental files to the needs of
FY compilation (simpler, lighter, more intuitive)

« Make it easier to access, plot, verify and update
experimental values currently stored in EXFOR

« Standardized units & uncertainties

The EXFOR library contains an extensive compilation of experimental nuclea
systematically since the discovery of the neutron, while charged particle and
The EXFOR library contains data from 22888 experiments (see

EXFOR Web Database & Tools Paper: NIM A 88!

“Rbc Experimental Nuclear Reaction Data (EXFOR)

Database Version of 2019-10-24

r reaction data. Neutron reactions have been
covered less ext

photon reactions have been
statistics and recent database updates).
ites (&)

8 (2018) 31. Mirror-si

compiled
lensively.

= { JSON
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JavaScript Object Notation

V. Zerkin
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FY-JSON: A NEW WORKING
FORMAT FOR FISSION YIELDS

A new working format for FY data ez Q)

working format based on this

"authorl": "H.N.Ert
"reaction":
"dataType":
"dataUnits"
“incEnergy": 0.0,
"NSR": [
1978ERO1"
1,
"flags": [
pDD",

1. Simpler data:

a. less information! (not a substitute for EXFOR)

]

"history": [

b. uniform units & uncertainties

“date®: "2
"event":

c. uniform nuclide ID

"date": "2024
"event":

d. decay data easier to access

"date":

Severtt Sy Cotrectad heta - factor = 28031 2. modern DB-ready format

1, o . .
s 3. can store additional information
“Nucl": "Te-134",

e Ly 4. keeps history of changes

"dData": 0.01,

"tl2sec": 2520.0,

"Rad.Type": "DG",

"Rad.Energy": 79.0,

"Rad.Intensity": 0.53,

"correction"

"bib":




JSON_FY python package

ef read X4(self,filename):

* reads and cleans JSON from EXFOR e e

self.format = self.jData["format"]
* implements checks and corrections: e e
« values (outliers / wrong units) e e
» uncertainties (too low / not reported / ...) ; [[]
« corrections for decay data e

year = i["yea

reaction = if

« produce plots to study, check and oL
correct data e e e

SR:

for Ene in i["incEnergies”]:
incEnergy = Ene["incEnergy

? Brookhaven 1 National Nuclear
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Modern tools to update old data

Decay Data

ENSDF, Table of
Isotopes, ...

Correction with

current decay

datao and daota
evaluation

Fission Yield

Experimental
Data

Evaluation
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Modern tools to update old data

Decay Data

ENSDF, Table of
Isotopes, ...

)))—)))—

C ti ith
EXFO R courrrreecn‘éodmez;v <|Jy
datao and daota

evaluation
Fission Yield
Experimental
Data
Evaluation
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Modern tools to update old data

Decay Data ENSDF
\ >3
EI\:ECB(I; gzgu.e" of ‘ )» : _ I—»>— J SO N FY

oron SH
:

V V

Evaluation
-

¢ Brookhaven ‘1 National Nuclear
National Laboratory Data Center
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Correctlon with

current decay
v data aond daota
evaluation

Fission Yield
Experimental
Data




UPDATED NUCLEAR DATA

Decay data corrections -

decay data from NuDat
Correction of .json files -
ORG values and new
decay data stored in the
db entry

- ! Fill JSON_FY class with

ORIGINAL “

PAPER

check that uncertainty on the
FY is compatible with
uncertainty on DD

WITH NO EXPLICIT MENTION OF THE NUCLEAR
DATA VALUES IN THE ORIGINAL PAPER, IT IS
ALMOST IMPOSSIBLE TO CORRECT AND USE Create FY plots
RESULTS FROM DECADES-OLD PAPERS WITH
THEIR REPORTED UNCERTAINTY
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Data cleanup / annotation / flagging
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Data cleanup / annotation / flagging
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Data cleanup / annotation / flagging

94-PU-239 | Z = 51 (Sb) - CUM FYs

0.035 (Author, Year, IncEnergy/keV)
('A.N.Gudkov+', 1977, 1300.0)

('A.N.Gudkov+', 1988, 3000.0)

('B.M.Moore', 1969, 1000.0)

('C.MJensen+', 1974, 2.5300000000000002e-05)
(‘C.MJensen+', 1974, 450.0)

AMarsden+', 1965, 2.5300000000000002¢-05)
(‘E.C.Finn+', 2015, 700.0)

(F.Carrel+', 2011, 2.5300000000000002¢-05)
(F.LLisman+', 1970, 2.5300000000000002¢-05)
(F.LLisman+', 1970, 500.0)

('H.CJain+', 1984, 2.5300000000000002¢-05)
('H.Naik+', 1993, 2.5e-05)

(‘H.0.Denschlag+', 1977, 2.5300000000000002¢-05)
().EGindler+', 1983, 170.0)

(J.E.Gindler+, 1983, 1000.0)

().E.Gindler+', 1983, 2000.0)

(J.EGindler+', 1983, 3400.0)

().E.Gindler+', 1983, 4500.0)

(J.K.Dickens+, 1980, 2.5300000000000002¢-05)
(J.K.Dickens+, 1981, 2.5300000000000002¢-05)
('M.E.Gooden+", 2016, 580.0)

('M.E.Gooden+', 2016, 1370.0)

('M.E.Gooden-+", 2016, 2370.0)

('M.E.Gooden+', 2016, 3600.0)

('M.E.Gooden+", 2016, 4490.0)

(N.Imanishi+', 1976, 2.5300000000000002e-05)
('S.A.Chitambar+', 1987, 2.5300000000000002¢-05)

* @

0.030

0.025

0.020

CUMFY
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4

0.005

0.000 %
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A # H O OO+ OGO HOPPO %06

-
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A distributions / Z distributions
FY as a function of incident energy
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Cumulative Yield Group, 1985, (3000.0) keV
ENDF/B-VIIL.1, , (500.0, 14000.0) keV
GEF, , (2.53e-05 ... 20000.0) keV

H.Afarideh+, 1989, (1722.0 ... 5982.0) keV
1989AF01

H.Naik+, 2013, (3720.0, 5420.0, 7750.0) keV
2013NA18

H.Naik+, 2015, (6350.0) keV
2015NA13

I.Celenk, 2001, (5000.0) keV
2001CE06

JEFF-3.3,, (400.0, 14000.0) keV

R.H.lyer+, 2000, (1900.0) keV
20001Y01

T.C.Chapman+, 1978, (6000.0, 7100.0) keV
1978CHO5

% H.Afarideh+, 1989, (1722.0 ..
1989AF01

% H.Naik+, 2013, (3720.0, 5420.0, 7750.0) keV
2013NA18

% H.Naik+, 2015, (6350.0) keV

. 5982.0) keV

2015NA13

% R.H. Iyer+ 2000, (1900.0) keV
20001Y01

% S.Nagy+, 1978, (1500.0 ... 7700.0) keV
1978NA0O1

% T.C.Chapman+, 1978, (6000.0, 7100.0) keV
1978CHO5




Data cleanup / annotation / flagging

94-PU-239 | Z = 51 (Sb) - CUM FYs CUM_FY i A' Z o 87 Kr

0.035 (Author, Year, IncEnergy/keV)
. ('A.N.Gudkov+', 1977, 1300.0)
# ('A.N.Gudkov+', 1988, 3000.0)
4+ ('B.M.Moore', 1969, 1000.0)
0.030 @ (C.MJensen+', 1974, 2.5300000000000002¢-05)
@® (C.MJensen+', 1974, 450.0)
% ('D.AMarsden+', 1965, 2.5300000000000002¢-05)
@® (E.CFinn+', 2015, 700.0)
0.025 § ('F.Carrel+', 2011, 2.5300000000000002¢-05)
('F.L.Lisman+', 1970, 2.5300000000000002e-05)
('F.L.Lisman+', 1970, 500.0)
. ('H.C.Jain+', 1984, 2.5300000000000002¢-05)
0.020 ® (‘H.Naik+', 1993, 2.5e-05)
£
© 0.015
v : : :
dtia 000 15000 20000
* Eneray (keV)
0.005 or, year
R.H.lyer+, 2000, (1900.0) keV
558 4 2000101
' 4 T.C.Chapmant, 1978, (6000.0, 7100.0) keV
124 125 126 127 128 1978CHO5
% H.Afarideh+, 1989, (1722.0 ... 5982.0) keV
*  1989AF01
* H.Naik+, 2013, (3720.0, 5420.0, 7750.0) keV % H.Naik+, 2013, (3720.0, 5420.0, 7750.0) keV
2013NA18 ¥ 2013NA18
. . . . . . 4 HNaik, 2015, (6350.0) kev % H.Naik+, 2015, (6350.0) keV
A distributions / Z distributions * 2onnas
, lCelenk, 2001, (5000.0) keV % R.H.lyer+, 2000, (1900.0) keV
. . . 2001CE06 4 20001701
FY as a fu N Ct| on Of in C|d e nt ener @ JEFF-33,, (400.0,14000.0) keV % S.Nagy+, 1978, (1500.0 ... 7700.0) keV
* 1978NA01
% T.C.Chapman-, 1978, (6000.0, 7100.0) keV
# 1978CHO5
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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

3.003:5% 5.0%
2.8%

Target Nuclei
m U-238
. U-235
Th-232
. U-233
N Pu-239
Np-237
Cm-244
. Am-241
Cf-252
N Pu-240
s Th-229
Am-243
EEE Pu-241
Pu-238
Cm-245
. U-232
= Bi-209
N Am-242
mmm Cf-249

Wealth of new data
can be used to
benchmark new
models for the
prediction of [YRs

17.1%

K

Brookhaven

National Laboratory

Fission Products

ww
www

W wwNGEwY

[4]q]

PP

do

et

g2

© 50 5 b 00

@,
S
NOHONQOR~NORNORWN

Z0Z200Z0]
T T <

NS
wmab I F)
Eooin

D

Hooh

w
-
w

-0

e T

T

wWww

NN

[
N
4
o

-
("
W

1 e e
B DWW WWW W
Xoheanppw

40 15 60
Number of Data Points

0 20




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
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FYdb dashboard

e upload compiled data to NNDC gitlab

e develop a dashb

alifornium-252 Galactic cos!

smended Fission Yields Of C

Pedrocia De-Sosoo

¢ Brookhaven

National Laboratory

FYdb interface

Filter by Target:

Filter by Year Range:

Filter by Author:

A.G.C.Nair+
A Ramaswami+

70 A.S.Fomichev+

A.Srivastava+

Filter by Proj:

oard to access, visualize and edit the FYdb

Filter by DataType:

Dal Plot
B.S.Tomar+
Toggle Columns B.Srinivasant

Z A id target proj © year authorl reaction dataType dataUnits  -incEnergy NSR flags = Nucl pata dpata  -correcti: ORG

35 87 12926016 90-TH-232 N 1981 R.W.Waldo+ 90-TH- cum_FY PART/FIS 1000 ['1980WAZP" , 8] Br-g7 0.0761 0.0039 nan nan
232(N, F)ELEM/MAS... *1981WA05" |

53 137 12926016 90-TH-232 N 1981 R.W.Waldo+ 90-TH- cum_FY PART/FIS 1000 ['1980WAZP" , 0 1137 0.041 0.014 nan nan
232(N, F) ELEM/MAS... *1981WA05" |

35 87 12926017 92-U-232 N 1981 R.W.Waldo+ 92-U- cun_Fy PART/FIS 1000 ['1980WAZP" , 0 Br-87 0.0281 0.0018 nan nan
232(N, F)ELEM/MAS... *1981WA05" |

53 137 12926017 92-U-232 N 1981 R.W.Waldo+ 92-U- cun_Fy PART/FIS 1000 ['1980WAZP" , 0 1137 0.0048 0.0034 nan nan
232(N, F)ELEM/MAS... *1981WA05" |

35 87 12026018 92-U-233 N 1981 R.W.Waldo+ 92-U- cun_Fy PART/FIS 1000 ['1980WAZP" , u Br-87 0.0231 0.0019 nan nan
233(N, F)ELEM/MAS... *1981wA05" |

53 137 12026018 92-U-233 N 1981 R.W.Waldo+ 92-u- cum_FY PART/FIS 1000 ['1980WAZP" 8] 1-137 0.014 0.007 nan nan
233(N, F)ELEM/MAS... *1981WA05" |

35 87 12926019 92-u-235 N 1981 R.W.Waldo+ 92-U- cun_FY PART/FIS 1000 ['1980WAZP" , 0 Br-87 0.0235 0.0009 nan nan
235 (N, F)ELEM/MAS... *1981WA05" |

53 137 12926019 92-U-235 N 1981 R.W.Waldo+ 92-u- cm_Fy PART/FIS 1600 [ 1980WAZP" , 8] 1-137 0.03 0.006 nan nan
235(N, F)ELEM/MAS... *1981WA05" |

35 87 12926020 92-U-238 N 1981 R.W.Waldo+ 92-U- cun_Fy PART/FIS 1000 ['1980WAZP" , n Br-87 0.0202 0.0018 nan nan

1/ »




Tabulated data

Table 1. 238U(n,f) Fission Yields. E;=[0-20] MeV

u u u
e V I s I I n A z Nuclide Ey Data Old FY FY Old dFY New dFY Corr Author Year E, Ref.
n keV Type (nucl. per fission) Factor MeV

83 34 Se-83-G 356.6 CUM 2.600E-03 2.570E-03 1.300E-02  3.148E-05 0.988 S.Daroczy+ 1976 144 [17]
83 35 Br-83 5295 CUM 1.870E-03 1.870E-03 1.309E-04 1.309E-04 1.000 R.H.Iyer+ 2000 1.9 [18]
84 33 As-84 14545 CUM 4.600E-03 4.600E-03 5.000E-04  4.238E-04 1.000 B.D.Pierson+ 2017 143 [19]
84 35 Br-84 1616.2 CUM 7.430E-03 7.406E-03 9.800E-04  9.168E-04 0.997 H.Naik+ 2013 3.7 [20]
84 35 Br-84 1616.2 CUM 7.430E-03 7.406E-03 9.800E-04  9.168E-04 0.997 H.Naik+ 2013 54 [20]
84 35 Br-84-G 881.5 CUM 7.671E-03 7.671E-03 5.792E-03  5.479E-04 1.000 T.C.Chapman+ 1978 6.0 [21]
84 35 Br-84 1616.2 CUM 6.420E-03 6.399E-03 4.400E-04  4.386E-04 0.997 H.Naik+ 2015 6.3 [22]
84 35 Br-84 881.5 CUM 1.070E-02 1.070E-02 5.662E-03  7.643E-04 1.000 T.C.Chapman+ 1978 7.1 [21]
84 35 Br-84 1616.2 CUM 7.430E-03 7.406E-03 9.800E-04  9.168E-04 0.997 H.Naik+ 2013 7.8 [20]
84 35 Br-84 881.5 CUM 1.070E-02 1.070E-02 5.662E-03  7.643E-04 1.000 T.C.Chapman+ 1978 8.1 [21]
84 35 Br-84 1616.2 CUM 6.420E-03 6.399E-03 4.400E-04  4.386E-04 0.997 H.Naik+ 2015 85 [22]
84 35 Br-84 881.5 CuM 1.070E-02 1.070E-02 5.662E-03  7.643E-04 1.000 T.C.Chapman+ 1978 9.1 [21]
84 35 Br-84 1616.2 CUM 6.420E-03 6.399E-03 4.400E-04  4.386E-04 0.997 H.Naik+ 2015 9.3 [22]
84 35 Br-84 1616.2 CUM 7.430E-03 7.406E-03 9.800E-04  9.168E-04 0.997 H.Naik+ 2013 10.1 [20]
84 35 Br-84 1616.2 CUM 6.420E-03 6.399E-03 4.400E-04  4.386E-04 0.997 H.Naik+ 2015 125 [22]
85 36 Kr-85-M 151.2 CUM 2.800E-03 2.912E-03 2.000E-04  6.989E-05 1.040 Chien Chung+ 1987 1.0 [23]
2 24 Ky Q5 1519 CUNM, 100502 7 AAIEO 7 000E.04 1 7RAE.04 1.048 LLA faridak 1080 17 [16]

compiled 28U data -- we
alth of energy-dependent data

L? Brookhaven
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Tabulated data

Table 1. 238U(n,f) Fission Yields. E;=[0-20] MeV

(nucl. per fission)

u u u
e V I s I I n A z Nuclide Ey Data Old FY FY Old dFY New dFY Corr Author Year E, Ref.
n keV Type Factor MeV

83 34 Se83G 3566 cuM 2600E-03  2570E-03  1300E-02 3.148E-05  0.988 S Daroczy+ 1976 144 [17]

83 35 Br-83 5295 cuM 1.870E-03  1.870E-03  1309E-04  1.309E-04  1.000 R H.Iyer+ 2000 19 [18]

84 33 As-84 14545 CUM 4600E-03  4.600E-03  5.000E-04 4.238E-04  1.000 BDPicrson+ 2017 143 [19]

84 35 Br-84 1616.2 cum 7430E-03  7406E-03  9.800E-04  9.168E-04  0.997 H.Naik+ 2013 37 [20]

84 35 Br-84 1616.2 cum 7430E-03  7406E-03  9.800E-04  9.168E-04  0.997 H.Naik+ 2013 54 [20]

h OW d O We et th e E n fo r 84 35  Br84-G 881.5 CUM 7671E-03  7.671E-03  5.792E-03  5479E-04 1000  T.C.Chapman+ 1978 60  [21]
84 35 Br-84 1616.2 cum 6.420E-03  6399E-03  4.400E-04  4386E-04  0.997 H.Naik+ 2015 63 [22]

. . 84 35 Br-84 881.5 cum 1070E-02  1.070E-02  5.662E-03  7.643E-04 1000  T.C.Chapman+ 1978 7.1  [21]

’? 84 35 Br-84 16162 cum 7430E-03  7406E-03  9.800E-04  9.168E-04  0.997 H.Naik+ 2013 78 [20]

n O n —th e rl I I a I fl SS I O n [ 84 35 Br-84 881.5 cuM 1.070E-02  1.070E-02  5.662E-03  7.643E-04 1000  T.C.Chapman+ 1978 81  [21]
84 35 Br-84 1616.2 cum 6.420E-03  6399E-03  4.400E-04  4336E-04  0.997 H.Naik+ 2015 85 [22]

84 35 Br-84 881.5 cuM 107002 1.070E-02  5.662E-03  7.643E-04 1000  T.CChapman+ 1978 9.1  [21]

84 35 Br-84 1616.2 cuM 6.420E-03  6399E-03  4.400E-04  4386E-04  0.997 H.Naik+ 2015 93 [22]

84 35 Br-84 1616.2 cum 7430E-03  7406E-03  9.800E-04  9.168E-04  0.997 H.Naik+ 2013 1001 [20]

84 35 Br-84 16162 cum 6.420E-03  6399E-03  4.400E-04  4386E-04  0.997 H.Naik+ 2015 125 (22

85 36 Kr85-M 1512 cuM 2.800E-03  2912E-03  2.000E-04 G6989E-05  1.040  Chien Chung+ 1987 10  [23]

- 24 K R85 151 2 CILIN 100E_02 TAALE () 7 000E 04 1 7RA(E_0OA 1048 H_Afaridah 1080 17 1161

compiled 28U data -- we
alth of energy-dependent data

L? Brookhaven
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Revisiting E_

how do we get the En for
non-thermal fission?

Rao and lyer measured
at the same facility, but
reported energy is
different

k? Brookhaven

National Laboratory

Tabulated data

Table 1. 238U(n,f) Fission Yields. E;=[0-20] MeV

A VA Nuclide Ey Data Old FY FY Old dFY New dFY Corr Author Year E, Ref.

keV Type (nucl. per fission) Factor MeV
83 34 Se-83-G 356.6 CUM 2600E-03  2.570E-03  1.300E-02  3.148E-05  0.988 S.Daroczy+ 1976 144 [17]
8 35 Br-83 5295 CUM 1.870E-03  1.870E-03  1309E-04  1309E-04  1.000 R.H.Iyer+ 2000 19 [18]
84 33 As-84 1454.5 CUM 4600E-03  4.600E-03  5.000E-04 4238E-04  1.000 2017 143 [19]
84 35 Br-84 1616.2 CUM 7.430E-03  7.406E-03  9.800E-04  9.168E-04  0.997 2013 37 [20]
84 35 Br-84 1616.2 CUM 7.430E-03  7.406E-03  9.800E-04  9.168E-04  0.997 H.Naik+ 2013 54 [20]
8 35  Br84G 881.5 CUM 7.671E-03  7.671E-03  5792E-03  5479E-04  1.000 T.C.Chapmant 1978 60  [21]
84 35 Br-84 1616.2 CUM 6.420E-03  6.399E-03  4.400E-04  4386E-04  0.997 H.Naik+ 2015 63 [22]
84 35 Br-84 881.5 CUM LOT0E-02  1.070E-02  5.662E-03  7.643E-04  1.000 T.C.Chapman+ 1978 7.1 21]
84 35 Br-84 1616.2 CUM 7.430E-03  7.406E-03  9.800E-04  9.168E-04  0.997 H.Naik+ 2013 78 [20]
84 35 Br-84 881.5 CUM 1.O70E-02  1.070E-02  5.662E-03  7.643E-04  1.000 T.C.Chapman+ 1978 8.1 [21]
‘ U l ] 0.997 H.Naik+ 2015 85 22]
V' K'Kdo-*- l ) /4 l () 1.000 T.C.Chapman+ 1978 9.1 [21]
- 0.997 H.Naik+ 2015 93 22
V.K.Rao+ | 974 1 [ | 6] 0.997 H.Naik+ 2013 100 [20]
0.997 H.Naik+ 2015 125 [22]
l 976 l 4 4 1.040 Chien Chung+ 1987 1.0 [23]

S.Daroczy+
R.H.lyer+

2000

1.9

[17]

1,048

LA faridehs

1080

[18] U data -- we

alth of energy-dependent data

i

[161



Tabulated data

Table 1. 238U(n,f) Fission Yields. E;=[0-20] MeV

u u u
e V I s I I n VA Nuclide Ey Data Old FY FY Old dFY New dFY Corr Author Year E, Ref.
n keV MeV

A
Type (nucl. per fission) Factor
83 34 Se83G 3566 cuM 2.600E-03  2570E-03  1.300E-02  3.148E-05  0.988 S.Daroczy+ 1976 144 [17]
83 35 Br-83 529.5 CUM 1.870E-03  1.870E-03  1.309E-04  1.309E-04  1.000 R Hlyer+ 2000 19 [18]
84 33 As-84 14545 CUM 4600E-03  4.600E-03  5.000E-04 4.238E-04  1.000 BDPicrson+ 2017 143 [19]
84 35 Br-84 1616.2 CUM 7430E-03  7.406E-03  9.800E-04  9.168E-04  0.997 H.Naik+ 2013 37 [20]
84 35 Br-84 16162 CcUM 7430E-03  7.406E-03  9.800E-04  9.168E-04  0.997 H.Naik+ 2013 54 [20]
h OW d O We et th e E n fo r 84 35  Br84-G 881.5 cuM 7671E-03  7.671E-03  5.792E-03  5479E-04 1000  T.C.Chapman+ 1978 60  [21]
84 35 Br-84 1616.2 CcUM 6.420E-03  6399E-03  4.400E-04  4.386E-04  0.997 H.Naik+ 2015 63 [22]
84 35 Br-84 881.5 CUM 1.070E-02  1.070E-02  5.662E-03 ~ 7.643E-04 1000  T.C.Chapman+ 1978 7.1  [21]

1 1 ’? 84 35 Br-84 1616.2 CUM 7.430E-03  7.406E-03  9.800E-04  9.168E-04  0.997 H.Naik+ 2013 78 [20]
n O n - e rl I I a I SS I O n f 84 35 Br-84 881.5 CUM 1.070E-02  1.070E-02  5.662E-03  7.643E-04  1.000 T.C.Chapman+ 1978 8.1 [21]
V K K30+ l() /4 l l l ()J 0.997 H.Naik+ 2015 8.5 22]

1.000 T.C.Chapman+ 1978 9.1 [21]

, 0.997 H.Naik+ 2015 93 22

V.K.Rao+ 1974 1 [ | 6] 0.997 H.Naik+ 2013 101 [20]
0.997 H.Naik+ 2015 125 [22)

S.Daroczy+ 1976: T44 “[I7) |0 gwowe m 1 om
Rao and lyer measured R.H.Iyer+ 2000 19  [18] U data -- we
at the same facility, but alth of energy-dependent data
reported energy is
different

(2.) Same data as in phys.rev. (€9,1506, but uncertain-
ty reduced to 20pc.
STATUS Data taken from table 1 of Phys.Rev. C19,1372.
ERR-ANALYS In view of the higher activities of the products 73Ga,
77As,161Tb, 167Ho, the uncertainties for these yields
are estimated to be =20pc. The other yields are
assigned an uncertainty of 4@pc.
17

ENDBIB

COMMON 2 3

EN-DUMMY  MONIT

MEV PC/FIS

1.0000E+00 6.2000E+00

ENDCOMMON 3

DATA 6 15

ELEMENT MASS DATA DATA-ERR  DATA-MAX FLAG

NO-DIM NO-DIM PC/FIS PC/FIS PC/FIS NO-DIM
2.8000E+01 6.6000E+01 4.0100E-06 1.6000E-06 1.0000E+00
2.9000E+01 6.7000E+01 2.3200E-05 9.3000E-06 1.0000E+00

3.0000E+01 7.2000E+01 6.5400E-05 2.5000E-05 1.0000E+00




Tabulated data

Table 1. 238U(n,f) Fission Yields. E;=[0-20] MeV

u u u
e V I s I I n VA Nuclide Ey Data Old FY FY Old dFY New dFY Corr Author Year E, Ref.
n keV MeV

A
Type (nucl. per fission) Factor
83 34 Se83G 3566 cuM 2.600E-03  2570E-03  1.300E-02  3.148E-05  0.988 S.Daroczy+ 1976 144 [17]
83 35 Br-83 529.5 CUM 1.870E-03  1.870E-03  1.309E-04  1.309E-04  1.000 R Hlyer+ 2000 19 [18]
84 33 As-84 14545 CUM 4600E-03  4.600E-03  5.000E-04 4.238E-04  1.000 BDPicrson+ 2017 143 [19]
84 35 Br-84 1616.2 CUM 7430E-03  7.406E-03  9.800E-04  9.168E-04  0.997 H.Naik+ 2013 37 [20]
84 35 Br-84 16162 CcUM 7430E-03  7.406E-03  9.800E-04  9.168E-04  0.997 H.Naik+ 2013 54 [20]
h OW d O We et th e E n fo r 84 35  Br84-G 881.5 cuM 7671E-03  7.671E-03  5.792E-03  5479E-04 1000  T.C.Chapman+ 1978 60  [21]
84 35 Br-84 1616.2 CcUM 6.420E-03  6399E-03  4.400E-04  4.386E-04  0.997 H.Naik+ 2015 63 [22]
84 35 Br-84 881.5 CUM 1.070E-02  1.070E-02  5.662E-03 ~ 7.643E-04 1000  T.C.Chapman+ 1978 7.1  [21]

1 1 ’? 84 35 Br-84 1616.2 CUM 7.430E-03  7.406E-03  9.800E-04  9.168E-04  0.997 H.Naik+ 2013 78 [20]
n O n - e rl I I a I SS I O n f 84 35 Br-84 881.5 CUM 1.070E-02  1.070E-02  5.662E-03  7.643E-04  1.000 T.C.Chapman+ 1978 8.1 [21]
V K K30+ l() /4 l l l ()J 0.997 H.Naik+ 2015 8.5 22]

1.000 T.C.Chapman+ 1978 9.1 [21]

, 0.997 H.Naik+ 2015 93 22

V.K.Rao+ 1974 1 [ | 6] 0.997 H.Naik+ 2013 101 [20]
0.997 H.Naik+ 2015 125 [22)

S.Daroczy+ 1976: T44 “[I7) |0 gwowe m 1 om
Rao and lyer measured R.H.Iyer+ 2000 19  [18] U data -- we
at the same facility, but alth of energy-dependent data
reported energy is
different

(2.) Same data as in phys.rev. (€9,1506, but uncertain-
ty reduced to 20pc.

STATUS Data taken from table 1 of Phys.Rev. C19,1372.

ERR-ANALYS In view of the higher activities of the products 73Ga,
77As,161Tb, 167Ho, the uncertainties for these yields
are estimated to be =20pc. The other yields are
assigned an uncertainty of 4@pc.

ENDBIB 17

COMMON 2 3

Sy ey EN-DUMMY

1.0000E+00 6.2000E+00

ENDCOMMON 3

DATA 6 15

ELEMENT MASS DATA DATA-ERR  DATA-MAX FLAG

NO-DIM NO-DIM PC/FIS PC/FIS PC/FIS NO-DIM
2.8000E+01 6.6000E+01 4.0100E-06 1.6000E-06 1.0000E+00
2.9000E+01 6.7000E+01 2.3200E-05 9.3000E-06 1.0000E+00

3.0000E+01 7.2000E+01 6.5400E-05 2.5000E-05 1.0000E+00




Tabulated data

u u u Table 1. 238U(n,f) Fission Yields. E;=[0-20] MeV
ev I s I I n A z Nuclide Ey Data Old FY FY Old dFY New dFY Corr Author Year E, Ref.
keV Type (nucl. per fission) Factor MeV
n 83 34 Se-83-G 356.6 CUM 2600E-03  2.570E-03  1.300E-02  3.148E-05  0.988 S.Daroczy+ 1976 144 [17]
8 35 Br-83 5295 CUM 1.870E-03  1.870E-03  1309E-04  1309E-04  1.000 R.H.Iyer+ 2000 19 [18]
84 33 As-84 1454.5 CUM 4600E-03  4.600E-03  5.000E-04 4238E-04  1.000 B.D.Pierson+ 2017 143 [19]
84 35 Br-84 1616.2 CUM 7.430E-03  7.406E-03  9.800E-04  9.168E-04  0.997 H.Naik+ 2013 37 [20]
84 35 Br-84 1616.2 CUM 7.430E-03  7.406E-03  9.800E-04  9.168E-04  0.997 H.Naik+ 2013 54 [20]
hOW do We et the En Or 84 35  Br84-G 881.5 cuM 7671E-03  7.671E-03  5.792E-03  5479E-04 1000  T.C.Chapman+ 1978 60  [21]
84 35 Br-84 1616.2 CUM 6.420E-03  6.399E-03  4.400E-04  4386E-04  0.997 H.Naik+ 2015 63 [22]
. . 84 35 Br-84 881.5 CUM LOT0E-02  1.070E-02  5.662E-03  7.643E-04  1.000  T.C.Chapman+ 1978 7.1  [21]
’? 84 35 Br-84 1616.2 CUM 7.430E-03  7.406E-03  9.800E-04  9.168E-04  0.997 H.Naik+ 2013 78 [20]
non— erl I Ia ISSIOn f 84 35 Br-84 881.5 CUM 1.070E-02  1.070E-02  5.662E-03  7.643E-04 1000  T.C.Chapman+ 1978 81  [21]
‘ U l J 0.997 H.Naik+ 2015 85 22]
V' K'Kdo-*- l ) /4 l() 1.000 T.C.Chapman+ 1978 9.1 [21]
- 0.997 H.Naik+ 2015 93 22
V.K.R'dO-f— 1974 l [l()] 0.997 H.Naik+ 2013 101 [20]
0.997 H.Naik+ 2015 125 22
P ” 1.040 Chien Chung+ 1987 1.0 23
~ S.Daroczy+ 1976 144 PT) | Qpaus: bE 1
Rao and lyer measured RLye 2000 1.9 [18] U data -- we
at the same facility, but alth of energy-dependent data
) e N SR T
reported energy is ComoN 3
p gy COMMON 3
. EN-DUMMY ERR-SYS DATA-ERI
d|||erent MEV PER-CENT  PER-CEN
1. 4.0 7.0
ENDCOMMON 3
(2.) Same data as in phys.rev. (€9,1506, but uncertain- ENDSUBENT 149
ty reduced to 20pc.
STATUS Data taken from table 1 of Phys.Rev. C19,1372.
ERR-ANALYS In view of the higher activities of the products 73Ga,
77As,161Tb, 167Ho, the uncertainties for these yields
are estimated to be =20pc. The other yields are
assigned an uncertainty of 4@pc.
ENDBIB 17
COMMON 2 3
EN-DUMMY  MONIT El-\l _Dl |MM Y
MEV PC/FIS
1.0000E+00 6.2000E+00
ENDCOMMON 3
DATA 6 15
ELEMENT  MASS DATA DATA-ERR  DATA-MAX  FLAG
NO-DIM NO-DIM PC/FIS PC/FIS PC/FIS NO-DIM
2.8000E+01 6.6000E+01 4.0100E-06 1.6000E-06 1.0000E+00
2.9000E+01 6.7000E+01 2.3200E-05 9.3000E-06 1.0000E+00
3.0000E+01 7.2000E+01 6.5400E-05 2.5000E-05 1.0000E+00




Revisiting E_

how do we get the En for
non-thermal fission?

Rao and lyer measured
at the same facility, but
reported energy is
different

(2.) Same data as in phys.rev. (€9,1506, but uncertain-
ty reduced to 20pc.
STATUS Data taken from table 1 of Phys.Rev. C19,1372.
ERR-ANALYS In view of the higher activities of the products 73Ga,
77As,161Tb, 167Ho, the uncertainties for these yields
are estimated to be =20pc. The other yields are
assigned an uncertainty of 4@pc.
17

Tabulated data

Table 1. 238U(n,f) Fission Yields. E;=[0-20] MeV
A z Nuclide Ey Data Old FY FY Old dFY New dFY Corr Author Year E, Ref.
keV Type (nucl. per fission) Factor MeV
83 34 Se83-G 356.6 CcuM 2600E-03  2570E-03  1.300E-02  3.148E-05  0.988 S.Daroczy+ 1976 144 [17]
83 35 Br-83 529.5 cuM 1.870E-03  1.870E-03  1.309E-04  1309E-04  1.000 R.H.Iyer+ 2000 19 [18]
84 33 As-84 1454.5 CUM 4600E-03  4.600E-03  5.000E-04 4238E-04  1.000 B.D.Pierson+ 2017 143 [19]
84 35 Br-84 1616.2 cuM 7.430E-03  7406E-03  9.800E-04  9.168E-04  0.997 H.Naik+ 2013 37 [20]
84 35 Br-84 1616.2 cuM 7.430E-03  7406E-03  9.800E-04  9.168E-04  0.997 H.Naik+ 2013 54 [20]
84 35  Br84-G 881.5 cuM 7.671E-03  7.671E-03  5.792E-03  5479E-04  1.000  T.C.Chapman+ 1978 60  [21]
84 35 Br-84 1616.2 cuM 6.420E-03  6399E-03  4.400E-04  4386E-04  0.997 H.Naik+ 2015 63 [22]
84 35 Br-84 881.5 cuM 1.070E-02  1.070E-02  5.662E-03  7.643E-04  1.000  T.C.Chapman+ 1978 7.1  [21]
84 35 Br-84 1616.2 cuM 7.430E-03  7406E-03  9.800E-04  9.168E-04  0.997 H.Naik+ 2013 78 [20]
84 35 Br-84 881.5 CUM 1.070E-02  1.070E-02  5.662E-03  7.643E-04 1000  T.C.Chapman+ 1978 81  [21]
‘ U l J 0.997 H.Naik+ 2015 85 22]
V' K' Kd0+ l ) /4 l () 1.000 T.C.Chapman+ 1978 9.1 [21]
- 0.997 H.Naik+ 2015 93 [22
V. K.Rao-{- 1974 l [ 16] 0.997 H.Naik+ 2013 101 [20]
0.997 H.Naik+ 2015 125 [22
‘ - 1.040 Chien Chung+ 1987 1.0 23
. S.Daroczy+ 1976: 144 [17] i Seowe B2 8 2
R.H.lyer+ 2000 1.9 [18] U data -- we
Cra i e rv e an g e .
(20080826A) S \ &ro
ENDBIB 142 w.zlr_j'uSDu:tm. JD.Y_J'C‘)_; E:l: g
and in Subents 002-614 al
COMMON 3 ENDBIB ‘149 e .
EN-DUMMY ERR-SYS DATA-ERI COMMON 3 2
MEV PER-CENT  PER-CEN' |gn_pumMy  ERR.SYS D/
: [ 4.0 7.0 MEV
ENDCOMMON 3 1.9
ENDSUBENT 149 ENDCOMMON 3 e

ENDBIB

COMMON 2 3

o EN-DUMMY
MEV PC/FIS

1.0000E+00 6.2000E+00

ENDCOMMON 3

DATA 6 15

ELEMENT MASS DATA DATA-ERR  DATA-MAX FLAG

NO-DIM NO-DIM PC/FIS PC/FIS PC/FIS NO-DIM
2.8000E+01 6.6000E+01 4.0100E-06 1.6000E-06 1.0000E+00
2.9000E+01 6.7000E+01 2.3200E-05 9.3000E-06 1.0000E+00
3.0000E+01 7.2000E+01 6.5400E-05 2.5000E-05 1.0000E+00




Tabulated data

u u u Table 1. 238U(n,f) Fission Yields. E;=[0-20] MeV
ev I s I I n A z Nuclide Ey Data Old FY FY Old dFY New dFY Corr Author Year E, Ref.
keV Type (nucl. per fission) Factor MeV
n 83 34  Se-83-G 3566 cuM 2.600E-03  2.570E-03  1.300E-02  3.148E-05  0.988 S.Daroczy+ 1976 144 [17)
83 35 Br-83 529.5 CcuM 1.870E-03  1.870E-03  1.309E-04  1.309E-04  1.000 R.H.Iyer+ 2000 19 [18]
84 33 As-84 14545 CUM 4600E-03  4.600E-03  5.000E-04 4238E-04  1.000 B.D.Pierson+ 2017 143 [19]
84 35 Br-84 16162 CUM 7.430E-03  7.406E-03  9.800E-04  9.168E-04  0.997 H.Naik+ 2013 37 [20]
84 35 Br-84 1616.2 CUM 7430E-03  7.406E-03  9.800E-04  9.168E-04  0.997 H.Naik+ 2013 54 [20]
hOW do We et the E n Or 84 35  Br84-G 881.5 CUM 7671E-03  7.671E-03  5.792E-03  5479E-04 1000  T.C.Chapman+ 1978 60  [21]
84 35 Br-84 1616.2 CUM 6.420E-03  6.399E-03  4.400E-04  4386E-04  0.997 H.Naik+ 2015 63 [22]
. . 84 35 Br-84 881.5 CUM 1.070E-02  1.070E-02  5.662E-03  7.643E-04 1000  T.CChapman+ 1978 7.1  [21]
’? 84 35 Br-84 16162 CUM 7430E-03  7.406E-03  9.800E-04  9.168E-04  0.997 H.Naik+ 2013 78 [20]
non— erl I Ia ISSIOn [ 84 35 Br-84 881.5 CUM 1.070E-02  1.070E-02  5.662E-03  7.643E-04 1000  T.C.Chapman+ 1978 81  [21]
‘ U l J 0.997 H.Naik+ 2015 85 22]
V' K'Kdo-*- l ) /4 l () 1.000 T.C.Chapman+ 1978 9.1 [21]
8 - 0.997 H.Naik+ 2015 93 [22]
V.K.RdO-{- 1974 l [ l 6] 0.997 H.Naik+ 2013 101 [20]
0.997 H.Naik+ 2015 125 [22
P ” 1.040 Chien Chung+ 1987 1.0 23
| S.Daroczy+ 1976 14.4 PT) | Qpaus: bE 1
Rao and lyer measured RLye 2000 1.9 [18] U data -- we
at the same facility, but alth of e”ergy'depe”de”t data
’ T N T R T, e
T > <p A -
reported energy is CoMoN . ond 1n Subents 062-014
and in Subents 002-014 a¢
p gy COMMON 3 ENDBIB 149 ¢]
. EN-DUMMY ERR-SYS DATA-ERI COMMON - -
d | | |erent MEV PER-CENT  PER-CEN' |En.pumMy ERR-SYS  Df
: [ 4.0 7.0 MEV
ENDCOMMON 3 1.9
(2.) Same data as in phys.rev. (€9,1506, but uncertain- ENDSUBENT 149 ENDCOMMON — 0
ty reduced to 20pc. Subent 008 was deleted.
STATUS Data taken from table 1 of Phys.Rev. C19,1372. o Nl IMM MaVy _> -0 s\l Aar
ERR-ANALYS In view of the higher activities of the products 73Ga, EN-DUMMY MeV -> =0.5 eV and
77As,161Tb, 167Ho, the uncertainties for these yields EPI and ERR-S -> DARA-ERR in 002-014;
are estimated to be =20pc. The other yields are I SN £~ 001 002
assigned an uncertainty of 46pc. cted and moved from 681 to 002-
ENDBIB 17 E.g -914.
COMMON 2 3
EN-DUMMY  MONIT E |-\| _ D l |MM Y
MEV PC/FIS
1.0000E+00 6.2000E+00
ENDCOMMON 3
DATA 6 15
ELEMENT  MASS DATA DATA-ERR  DATA-MAX  FLAG
NO-DIM NO-DIM PC/FIS PC/FIS PC/FIS NO-DIM
2.8000E+01 6.6000E+01 4.0100E-06 1.6000E-06 1.0000E+00
2.9000E+01 6.7000E+01 2.3200E-05 9.3000E-06 1.0000E+00
3.0000E+01 7.2000E+01 6.5400E-05 2.5000E-05 1.0000E+00




Revisiting E_

how do we get the En for

non-thermal fission?

Rao and lyer measured
at the same facility, but

reported energy is
different

(2.) Same data as in phys.rev. (€9,1506, but uncertain-
ty reduced to 20pc.
STATUS Data taken from table 1 of Phys.Rev. C19,1372.
ERR-ANALYS In view of the higher activities of the products 73Ga,
77As,161Tb, 167Ho, the uncertainties for these yields
are estimated to be =20pc. The other yields are
assigned an uncertainty of 4@pc.
17

ENDBIB

COMMON 2 3

EN-DUMMY  MONIT

MEV PC/FIS
1.0000E+00 6.2000E+00

ENDCOMMON 3

DATA 6 15

ELEMENT MASS DATA DATA-ERR  DATA-MAX  FLAG

NO-DIM NO-DIM PC/FIS PC/FIS PC/FIS NO-DIM
2.8000E+01 6.6000E+01 4.0100E-06 1.6000E-06 1.0000E+00
2.9000E+01 6.7000E+01 2.3200E-05 9.3000E-06 1.0000E+00
3.0000E+01 7.2000E+01 6.5400E-05 2.5000E-05 1.0000E+00

Tabulated data

Table 1. 238U(n,f) Fission Yields. E;=[0-20] MeV

A VA Nuclide Ey Data Old FY FY Old dFY New dFY Corr Author Year E, Ref.
keV Type (nucl. per fission) Factor MeV
83 34 Se-83-G 356.6 CUM 2.600E-03 2.570E-03 1.300E-02  3.148E-05 0.988 S.Daroczy+ 1976 14.4 [17]
83 35 Br-83 529.5 CUM 1.870E-03 1.870E-03 1.309E-04  1.309E-04 1.000 R.H.Iyer+ 2000 19 [18]
84 33 As-84 14545 CUM 4.600E-03 4.600E-03  5.000E-04  4.238E-04 1.000 B.D.Pierson+ 2017 143 [19]
84 35 Br-84 1616.2 CUM 7.430E-03 7.406E-03  9.800E-04  9.168E-04 0.997 H.Naik+ 2013 37 [20]
84 35 Br-84 1616.2 CUM 7.430E-03 7.406E-03  9.800E-04  9.168E-04 0.997 H.Naik+ 2013 54 [20]
84 35 Br-84-G 881.5 CUM 7.671E-03 7.671E-03  5.792E-03  5.479E-04 1.000 T.C.Chapman+ 1978 6.0 [21]
84 35 Br-84 1616.2 CUM 6.420E-03 6.399E-03  4.400E-04  4.386E-04 0.997 H.Naik+ 2015 6.3 [22]
84 35 Br-84 881.5 CUM 1.070E-02 1.070E-02  5.662E-03  7.643E-04 1.000 T.C.Chapman+ 1978 7.1 [21]
84 35 Br-84 1616.2 CUM 7.430E-03 7.406E-03  9.800E-04  9.168E-04 0.997 H.Naik+ 2013 7.8 [20]
84 35 Br-84 881.5 CUM 1.070E-02 1.070E-02  5.662E-03  7.643E-04 1.000 T.C.Chapman+ 1978 8.1 [21]

V.K.Rao+ 1974 L16] | 3% om0 51 b
V.K.Rao+ 1974 1 [16] 0% N 20m 101 o
0.997 H.Naik+ 2015 12.5 [22]
_ S.Daroczy+ 1976 14.4 PT) | gmeee b 1 @
R.H.lyer+ 2000 1.9 [18] U data -- we
alth of energy-dependent data
ENDBIB e (20080826A) SD,NO. Energ:
and in Subents 002-014 a
COMMON 3 ENDBIB 149 0
EN-DUMMY ERR-SYS DATA-ERI COMMON 3 3
MEV PER-CENT . PER-CEN| 'en_pummy  ERR-SYS ~ DATA-ERR
1. 4.0 7.0 MEV PER-CENT . PER-CENT
ENDCOMMON 3 1.9 4.0 7.0
ENDSUBENT 149 ENDCOMMON 3 0

Subent 088 was deleted.

EN-DUMMY

(20210923A) VS. EN-DUMMY=1.9 MeV -> EN-MIN=0.5 eV and

SF8:FIS->EPI and ERR-S -> DARA-ERR in 002-014;
ERR-ANALYS corrected and moved from 001 to 002-608
and added in 009-014.




Summary

e compilation of Fission Yields for 33U
239,241Pu 235U 252Cf

e API/ editor to interact with database

e Studying the En for EXFOR / FYdb
compiled data

e bypass EXFOR-JSON step through
implementation of FY data in x4i

? Brookhaven 1 National Nuclear
National Lahoratory ) Data Center

Not Export Controlled



