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Nuclear Data for Safe Rice

Sinosphere P,

pispatches From Chine ' Rice absorb poisonous
heavy metallic elements

After ‘Cadmium Rice, now ‘Lead’ and ‘Arsenic Rice’ like Cd, As more than other

By DIDI KIRSTEN TATLOW  APRIL 25, 2014 V4B AM W 56

vegetables.

An improved rice against
W Cd absorption is developed
£ ﬂljf;; inJapan.

However, this improved
rice absorbs more As ®

— Needs of As Rl tracer.

A farmer works her land near a lead smelter in Hunan Provinee. 5im Chi ¥in for The New York Times
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Nuclear Data for 72As (26 hrs) Tracer Production

(bharns)
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* None of these experientialists are interested in 72As production for
application.

* Nevertheless, we can estimate yield and best beam energy without
a new experiment thanks to EXFOR.




Nuclear Database for Reaction Network Study

(in nuclear engineering)

Burning chain model in a fast reactor (JOYO, Japan)

B' d ecay IT 222cm |l 243cm 244cm || 295¢cm || 2%5cm 1| 247cm || 248Ccm
\ 163 d 29y 18 y 9E+3y || S5E+3y || 2E+7y || 3E+5y
242Am
(n,2my— —(n,y) o
X 241Am 282mAm 243Am 244Am .
B+/E(. 430y || 141y || 7E43y || 10h / T
decay »
238p, 239p 240p, 241py 242p, 243py, -
88y || 2E+4y || 7E43y || 14y || 4E+5y 5h i L
237N p 238\ p 29N Based on private
2E+6y 2.1d 24d communication with K.Sugino
sy || msy || mey || sy | sy || zey | COMPrehensive nuclear data for
2645y || 7E+8y || 2E+7y || 6.8D || 4E+9y || 24min | reaction and decay are needed.
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Nuc‘ear Data!ase !or Reactl‘on Networ! Stu!y

Nonburning hydrogen

Hydrogen fusion

Helium fusion

Carbon fusion

Oxygen fusion

Neon fusion

(in nuclear science)

C. General Dynamics of the s and r Processes

agnesium I I .
M son %&—He‘ the reactions which govern both the rate of flow and
Silon fusion \J the track followed in the (4,Z) plane are the (n,y)
Iron ash g P P Nl e NP G2 and (vy,n) reactions, beta decay, and, at the ends of the
2 _// 1 / I tracks, alpha decay in the case of the s process and
3 ,s/ o o e neutron-induced fission in the case of the r process. We
ES / denote the rates of the (n,y), (v,#) and beta process as
j ! " | . | " An, Ay, Ag, where
Ne -% Ne“—-= Ne- — Na*>—~ Né TRUTRIETIRTRTIN
g /n/ un-procm An= 1{711: Tnlntln,
= S-process
= BEVIE S P 5% As=1/75=const/ W g,
BT e 0 L il i
2= ... lron i Ti I
zi Group '\ o gapture( s-process) ! and o, and o, are the cross sections for the (n,y) and
/[__ Heavy N (v,n) reactions, respectively; v, and n, are the velocity
ororen roop Elements\ Tkt (GISE™) and density of neutrons responsible for the (n,y) reac-
posclopes  jdecoy tions; #n, is the density of ¥ radiation; and Wy is the
yrProcess Tranisbismu h beta-decay energy.

Elements

E. M. Burbidge et al.,

Comprehensive nuclear data for reaction and decay are needed.

(U, Th, etc)

(B2FH) Rev.Mod.Phys.29(1957)

In the buildup of nuclei by the s and the » processes



Nuclear Data in Bateman Equation

HYDROGEN BURNING ——=—

H' =i He*

NGO Gl Ep. CEOWY CEO W Z LAC

A: decay constant (=In 2/T, )
O: Cross section

Collection of nuclear data is necessary.
(nuclear database)




Nuclear Data in the 1950s — “Classified Information”

Nuclear data information was classified in the 1950s. Even
235U(ny,,f) cross section was not an well stablished constant.

235U(n,f) cross section

5-108 10-10-8
T T T T | T T T T I T T]
JENDL-4.0:U-235

o 1955 Price

O 1955 Price

< 1954 Leonard Jr
4 1944 Anderson
= 1955 Adamchuk
1000 — 1000

. Thermal cross section
[« ) (at ~0.0253 eV) -

Cross Section (barns)
4

500 — 500

Incident Energy (MeV)

Experimental data published before 1955 by LANL, Harwell and Dubna.




UN Geneva Conferences (1955, 1958) - Declassification

An attempt to publicize nuclear
data was made among USA, UK
and USSR in the 1955 and 1958
Geneva Conferences.

]

IAEA Nuclear Data Unit (1964)
|IAEA Nuclear Data Section (1970)

PEACEFUL USES
OF ATOMIC ENERGY

UNITED NATIONS

Closing session of the 1955 Geneva
Conference (President: Homi Bhabha)
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Headquarters on
Karntner Ring
(1958-1979,
now Grand Hotel)

Where is IAEA?
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Data Exchange Between Western and Eastern Countries

e Cards received from western and eastern countries. Same
size, but different format.

* Nuclear Data Unit developed a special code which translate
data in one card format to the other one.

IBM cards:
T30 One line of 80 characters
rauy or digits.

7 ** JRussian cards:
""""""" A " 12 lines of multi-digit numbers
in exponent notation,
4 bits for a digit.
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Mission of IAEA Nuclear Data Section (IAEA NDS)

« The Nuclear Data Section (NDS) carries out the IAEA activities
concerning development and dissemination of nuclear and
atomic data for applications.

- Nuclear data for energy and non-energy application

Reactor (design, safety, spend fuel, decommissioning etc.)

Shielding
Dosimetr S s e
. Y | | ; " ,m
Medical isotope production Nuclear and Atomic Data F G
PEP Providing Values for Science - 18018
lon beam analysis ' WW
Safeguards | | .l?mF ‘1& OHF | 181HF

+ Sciences (astrophysics etc.)




Where is IAEA Nuclear Data Section?

Nuclear Data Section
(NDS) on the 23rd floor

Vienna International Centre  Gate
Centre international de Vienne Porte
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Organization Chart

Department of Nuclear Sciences and Applications
(NA)

Joint FAO/IAEA Division

Division of Physical

Division of Human Environmental

Health and Chemical Sciences Laboratories of Nuclear Techniques
(NAPC) in Food and Agriculture
. . Rad|0|sotop§ Products Nuclear Data Section Isotope Hydrology
Physics Section and Radiation :
. (NDS) Section
Technology Section
Nuclear Data Service Nuclear Data Atomic and Molecular

Unit Development Unit Data Unit




NDS Staff List

Section Head: Arjan KONiNg

Section Secretary & Team Assistant: Charisse Monfero K

Nuclear Data Service Unit

Nuclear Data Development Unit

Atomic & Molecular Data Unit

Unit Head:
Jean-Christophe Sublet

Software Engineer:
(Vecant)

Nuclear Data Physicist:
Naohiko Otsuka

Associate Nuclear Data Physicist
Shin Okumura

Nuclear Data Services Assistant:
Lidija Vrapcenjak

Team Assistant:
Szende Elias

—

Unit Head:
Roberto Capote Noy

Nuclear Physicist:
Paraskevi Demetriou

Nuclear Physicist:
Georg Schnabel

Team Assistant:
Kira Nathani

=

Unit Head: ,
Christian Hill =

LIS

Atomic Physicist:
Kalle Heinola -4

Nuclear Data Analyst/Programmer:
Marco Verpelli 11

IT Systems Engineer:
Ludmila Marian N

12 professional staff and 4 supporting staff
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IAEA Nuclear Data Services

EXFOR (experimental reaction data)
ENDF (evaluated reaction data)

105, June 2014

IAEA.org | NDS Mission | About Us | Mirrors: India | China

—>We will discuss them later.

-~

N\
J- Main H All ” Rﬂztinn Data ” Structure & Decay || by Applications || Doc & Codes ” NDS-Intemal H Index ” Events ” Links ” MNews ]

oord. by NEA Data Bank, 2014 [page] [archive] [retrieve]
IRDFF - International Reactor Dosimetry and Fusion File v1.03 [page] [archive] [retrisve]

CD/DVD-ROMs available for on-line downleading [paos]

Portable Empire-3.2.2 for Windows - nuclear reaction model code system for data evaluation [paoe] [download]

CO/DVD with
oy documentation,
~ data, codes, etc.

ADS-Lb Al 7
Atomic Mass Data EXFOR LiveChart of Nuclides ﬁ CINDA
Centre Experimental nuclear reactionf Interactive Chart of Nuclides f~c 4 Muclear reaction
-I:iI-I‘:.IEﬁ-., -------------- data i — bibliography

Charged particle
reference cross
section

Ewvaluated nuclzar reaction
libraries

i
ﬂ ENDF

NSR
clear structure and decay data [+XUNDL) % l Q.Iuclear Science References

’— ENSDF
| t=
:z"_ | evalua

EMFIRE-3.2 b
L ey A

Charged particle refdrence cross

section
Beam maonitor reactions

is Muclear

LiveChart of Nuclides
(evaluated structure and decay data) <= fie o

+ nm g s s PR | Standards
FRODE pogquame .. T i Data for Medical Application:
EXFOR Portal i

Electron and Photon
Interaction Data

‘ 1 ‘ MNeutron Activation Analysis recommendations, August 2008

*Datzbase st the TAEA, \ienna F*Datsbase at the US NNDC

http://nds.iaea.org/ : primary server (Vienna)

NSR (Bibliography)

2 Mirrors

Muclear
Data
Services

International Aremic
Energy Agency
Yienna, Austria

BARC, India

Bhabha Atomic
Research Centre
Mumbai, India

CNDC, China
Ci1iné Institute of

Aromic Energy
Beijing

: NNDC

1al Muclear Data

W nEA _




http://www.nndc.bnl.gov/nsr/

NSR (Nuclear Science References)

& National Nuclear Data Center

NATIONAL LABORATORY

NNDC Databases: NuDat | NSR | XUNDL | ENSDF | MIRD | ENDF | CSISRS | Sigma

Nuclear Science References (NSR)

NSR Reference Paper NIM A 640, 213 (2011)
Database version of January 14, 2015

The NSR database is a bibliography of nuclear physics articles, indexed according to content and spanning more than 100
years of researrh Owvar AN inurnale ara charkad an a ranular hacie far articlas ta ha incliidad  Far mnora infarmatinn cea the

help page. The

rmensrwet @ ~200,000 references (~150,000 from journals)
_maswa 7 ©  Database maintained at NNDC.

e Compiled at NNDC and McMaster Univ. (Canada).

Nuclide |

a A - a0
31MNa or ca-38

Reaction |
n,g or{ng) or (160, 160)

Publication Year from [1896 to 015
Reference Type & All © Experiment © Theory
Quiput Format & HTML ¢ BibTex ¢ Text

Search Reset
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NSR (cont.)

Nuclear Science References (NSR)
NSR Reference Paper NIM A 640, 213 (2011)
Ve ry easy to use! Database version of December 18, 2014

1ysics articles, indexed according to content and spanning more than :
ided. For more information, see the help page. The NSR database sche

JUSt pl"OVide f the NSR. Web Interface.

* Authorand/or
* Nuclide (Target) and/or
Author

e React | on Brown or B.A.Brown

Nuclide
J1Ma or ca-38

Reaction

and search. n,g or (n,g) or (160,160)

Publication Year from [1896  to 2015

Reference Type @ Al  Experiment ¢ Theory
Output Format & HTML © BibTex  Text

Search | Reset




NSR - Exercise 1

Nuclear Science References (NSR)

. NSR Reference Paper NIM A 640, 213 (2011)
QUESthn Database version of December 18, 2014

Sea I‘Ch d rt|C|eS Where 1ysics articles, indexed according to content and spanning more than :

ided. For more information, see the help page. The NSR database sche

”BaIaSUbramaniam” f the NSR Web Interface.

is an author, _

Author
Brown or B.A.Brown

Nuclide
31Na or ca-38

Reaction
ngor(ng)or (160, ,160)

Publication Year from [1896  fo [2015

Balasubramaniam

Reference Type & Al T Experiment © Theory
Output Format & HTML ¢ BibTex  Text

Search | Reset




NSR - Exercise 2

Nuclear Science References (NSR)

. NSR Reference Paper NIM A 640, 213 (2011)
QUESthn Database version of December 18, 2014

Sea I‘Ch d rtiCIGS e pO rting 1ysics articles, indexed according to content and spanning more than :

ided. For more information, see the help page. The NSR database sche

eXperimentaI reSUItS f the NSR Web Interface.
78 78
of Se(n,p)As.
Author

Brown or B.A.Brown

Nuclide
3tNa or ca-38 | /85€

Reaction n,p
n,g or (n,g) or (160,160) !

Publication Year from [1896  fo [2015

Reference Type ~ Al @ Experiment © Theory
Output Format & HTML ¢ BibTex  Text

Search |  Reset |




LiveChart of Nuclides
http://nds.iaea.org/livechart/

Live Chart of M

4 nuclear structure ;
email: nds contact

{43)

o s

Color zones by )
value ® guantile

HHH Main Decay Mode

Ground State - Isomers

Levels | Gammas Decay Radiation Nuclear Moments Ther. Neutrons Capture Fission Yields Schema Plot




LiveChart of Nuclides (cont.)

The query page becomes very simple if
you select “Hide Chart” option.

List of updates £ o Mass chains *, 4 MNeutron Cross Sections
Mar 2018 to Jan 2013 '.';;: £ and ec decays plotting ' Resonance Integrals

Live Chart of Nuclides nuclear structure and decay data

Go to Nu:l(l:lh

‘ Ground State - ersx\Levels | Gammas Decay Radiation Nuclear Moments Ther. Neutrons Capture Fission Yields Schema Plo

"‘I New in Livechart Isotope BrowseiNor mobile - 3D Plotting Data update

Sep 2019 Thermal n S omam g « with zoom, rotation, i ENSDF snapshot

Cross Section update . § _ and filter January 2019
EETH =

Search & Filter e ] e DECAY Portal \
T query panel on [ compare different
Type a nuclide symbol
(e.g., 135Xe)

structure and decay = evaluations




LiveChart of Nuclides — 13°Xe

Ground State - Isomers tab

Go to Nuclide: 125xe Show Chart

[ Ground State - Isomers l Levels | Gammas Decay Radiation Nuclear Moments Ther.

Comments . JJ - Click on a column header to open the guide - Uncertainty for numeric values refers to the Iz
Sources

- Evaluation: BALRAT SINGH, ALEXANDER A, RODIONCY and YURI L KHAZOV Publication cut-off: 22-1an-2002 ENSDF

Energy T2 Decay Modes u Q Qg
Nuclid T T IEDBPI
Ground Helle® evi Abund. [motefract] 211 BR[2%] " [ud  [barn] . [keV
State ESKE 0.0 T2+ 914 h 2 329E4 B- 100 +09032 7 40214 7 a8 .
<
54 &1
ESmK 526551 13 11/2- 1529 min 5 QI17EZ  IT =994 11036 14 +0618 27
Sé Ean 8- =086
Metastable

state




LiveChart of Nuclides - 13°Xe (cont.)

Levels tab
Go to Nuclide: m
Ground State - Isomers I Levels Gammas | Decay Radiation | Nuclear Moments Ther. Neu

38 rows retrieved

Comments | JJ} - Click on a column header to open the guide . Uncertainty for numeric values refers to the last dig
Definitions & Sources

S Evaluation: BALRAJ SINCH, ALEXANDER A RODIONOV and YURI L. KHAZOV Publication cut-off- 22-1an-2008 ENS

Decay modes M Q

Nuclide Ex JI™arder Band T T [s m in Ade

[keV] "2 2081 gRy sospin L d Bl

BSye 0.0 32+ 914h2 329E4 g- 100 +09032 7 +0214 7 - 7/ 2+
54 a1 -

DSy 2B8 455 15 12+ 11/2+
54 Bl

By 526.551 13 n/2- 1529min5 917E2 IT >994 11036 14 +0.618 27 . 1/ 2+
547 B g- <06

135 nz31s1z2 17 72+

55 X%g — 3/2+
135 1260.416 13 5/2+

54}{&31 135Xe

135 144836 3 (3/2+)

Xe




LiveChart of Nuclides - 13°Xe (cont.)

Go to Nuclide: [135Xe Show Chart

Decay Radiation tab

[ Ground State - Isomers I Levels ] Gammas ] Decay Radiation ] Nuclear Moments I Thi

@ l“sr:xea'l :> 12(:580

99.4% IT 15.29 min 0.6% f- 15.29 min
135 1
() xey=>5xey

Comments | Jll} - Click on a column header to open the guide - Uncertainty for numeric values refers to the
Data from: ENSDF apart Q from  AME2016 - Definitions & Sources

@ Evaluation: 2ALRAT SINGH, ALEXANDER A, RODIONOV and YURI L. KHAZOV Publication cut-off: 22-Jan-2008 E

Q Total energy by rac
Parent T, [keV] order Decay decay Daughter Comments
e Ex = note on Q value Alpha Beta
13;5)(e 914h 2 0.0 3f2+ B-100 % nes 4 ISSCS 0.000 Q000 30471
54 8l 55 80
[y
W
see the ENSDF source 1 3 5 Xe ‘\‘S‘\\
AY
A\ \
Wy
w\
vl
LR
LR
LY
WY
Note: Q-value used in ENSDF to determine displayed decay data is: 1165 4 keV - se= note on Q value \ N
= VA 5/ 2+
[ha) - \

o _ B-decay W Vg,

1
i
7863 1
1
1
1
1

2697 01236 106242014 (103) sTe

50072 00755 98131522 (184)

173315 3N 14 608186 74 5/2+  (557) 6.67 3 allowed

248116 03593 407989 13 (757)

0276 96 4 249793712 5/2+ 91070 5942 allowed
SEH

15812718 0289 14 407989 12 2439793

20012710 00125 608186 14 52+ 4079839

y-decay

24272475 903 2427233 12 0.0

7/2+ MI+E2) <10 0.0737 20

35839 3 oz2z20Mm 608186 14 243793

5/2+ M1E2 0.0265 17




LiveChart of Nuclides - Exercise

One determined the 78Se(n,p)’8As cross section by detection of y
from 7®As - B- decay - 78Se*-y decay->"%Se,.

« P decay (?%)
\ P y

Ta=? 785e"
N Questions:
y decay & 1. Half-life of 78As
(? keV, ?%) 2. Branching ratio of 78As B-decay

%Se,s 3, Energy of strongest decay y
radiation and its intensity




LiveChart of Nuclides — Exercise (cont)

- o .
A B~ decay (100%) Questions:
ASes i, 1. Half-life of 2As
T,,,=90.7 mrm 780" 2. Branching ratio of 78As B-decay
y
78
Se,

Go to Nuclide:
[ Ground State - Isomers I Levels | Gammas | Decay Radiation | Nucle:

Comments | JJ# - Click on a column header to open the guide - Uncertainty for nums

Sources
- Evaluation: AMEEMNAH ?,EAM-E-N.%M SINGH Pl}hlliauea-ﬂﬂ-oﬁf 20-Jun-2002 ENSDF i
Ene T Decay Modes
Nuclide — an| 12 T2 [s] Isospin # o Q
[keV] Abund. [mole fraft.] BR [%] [un] [ban
TEAS 0.0 2- 907 min 2 S544E3] B- 100

345 \_ J \_ J




LiveChart of Nuclides — Exercise (cont)

Questions:

3. Energy of strongest decay y
radiation and its intensity

E,=613.8 keV
Go to Nuclide:

% :

0 -

( 785 e ‘ Ground State - Isomers | Levels | Gammas Decay Radiation II Nuclear Mome
Comments | Jlll - Click on a column header to open the guide - Uncertainty for numeric values

Data from: ENSDF apart Q from  AME2016 - Definitions & Sources

(’ﬁ}f

"I!;— == Tabs) Initial level = Finallevel _ . = & . ENSDF insertion: -
kevl  [%]  [keV] keV] T Comments —
15663 009224 2838589  [2+) 268209 4+ Comments
1742 3 013 4 2682099 4+ 250772 3- Alp
35112 D162 24 185400 3 3+ 1502.64 4+ 0.00
35432 193 2682099 4+ 232734 2+
32103 0124 21
44584 0083 17589117 0+ 120866 2+
46222 0598 21445273 3- 2682.02 4L+
46883 009779
49703 0183 199578 10 2+ 149876 D+
5037 2 D426 283858 9 (2+) 233487 O+
54537 0= 1854.00 9 3+ 130866 2+
oz oo
G357 546 G384 7 2+ 00 0+




LiveChart of Nuclides — Exercise (cont)

Half-lives and decay gamma intensities are important inputs to derive

Activation cross sections.

Extractions from the 33080 article (A=In2/T, ,,, f: decay y intensity)

Ay famN Ny (1 — e=Hulty g=4ut2 (] — g=Huts)

o =0Mm

Apédfirul N (1 —e=*) e=22 (] —e=2t3) "’

TABLE I. The decay data of the radioisotopes produced

We extracted these data
from LiveChart.

Nuclear Reaction Abundance (%) Half life /EV{MBV} fa (%)

ESe(n, p)'®As 23.77 £ 0.28 90.7 £ 02 m 0.614 54 + 06
80Se(n, p)*°As 49.61 £ 041 3T F 02s 0.666 42 £ 0.5
*Fe(n, p)°*Mn 91.75 4+ 0.36 2.578 + 0.0001 hr 0.847 99 + 0.3
YF(n, p)0 100 2691 4+ 0.08s 0.197 96 £+ 2.1

| 5 504 £+ 1.1
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LiveChart of Nuclides — Data Source

® Q-value, S-value, atomic masses: 2012 Atomic Mass Evaluation
(G. Audi et al., Chin.Phys.C36(2012)1287; M. Wang et al.,
Chin.Phys.C36(2012)1603)

® Natural isotopic abundances: M.Berglund and M.E.Wieser,
Pure.Appl.Chem.83(2011)397.

® Other data are mainly from the ENSDF library which evaluation
results are also published in “Nuclear Data Sheets” which is good
for citation.

® Similar data can be also available through NuDat (NNDC).
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Isotope Browser (Mobile app for iOS and Android)

ig|l g

i
e
11Ha
196
FTRL
sSce
ETRY

w
e
=
o

Free!

]
3
[
[

Android: Search for “isotope browser” on “Google Play”. ':,
Apple: Search for “isotope browser” on “iTunes”. Q

Send your feedback to the developer (Dr Marco Verpelli)!
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