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Outline of Workshop
e Nuclear Database (General)
e EXFOR/ENDF Search
e EXFOR Compilation | — Bibliography, exp. condition.
e EXFOR Compilation Il — Experimental parameters
e EXFOR Compilation Ill — Data tables
e Digitization tool

e Checking tools

You have to submit your EXFOR entry after clerance by
the end of this workshop!



After this Workshop ...

All your EXFOR entries will be stored in the IAEA EXFOR database.
You are responsible to distribute Indian data correctly.
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Goal of this Workshop

e To understand the idea of “nuclear database”.
e To be able to search and process EXFOR data.

e To be able to prepare EXFOR entries.

The ultimate goal:

Creation of EXFOR entries form your own experiments!
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A Successful Workshop Participant — Dr. Chitra Bhatia

PHYSICAL REVIEW C 87, 011601(R) (2013)

EXFOR 14355
(Jan. 2013)

136X e(n,2n)*Xe cross section between 9 and 15 MeV

C. Bhatia.'*" S. W. Finch,'* M. E. Gooden,”* and W. Tornow'-*
' Department of Physics, Duke University, Durham, North Carolina 27708, USA

2Triangle Universities ] SUBENT 14355001 20130125 14355 1 1
*Department of Physics, Nortl BIB 12 23 14355 1 >
(Received 1. _
TITLE 136Xe(n,2n)135Xe cross section between 9 and 15 MeV 14355 1 3
AUTHOR (C.Bhatia, S.W.Finch, M.E.Gooden, W.Tornow) 14355 1 4
INSTITUTE (1USADKE,1USATNL,1USANCS) 14355 1 5
REFERENCE (J,PR/C,87,011601,2013) 14355 1 6
FACILITY (VDGT, 1USATNL) 14355 1 7
STATUS (TABLE) Table 1 of Phys.Rev.C87(2013)011601 14355 1 24
HISTORY (20130125C) Chitra Bhatia 14355 1 25
TABLE 1. Summary of cross-section results. Aal = statistical uncenaimz. A, = total uncertainty.
E, (MeV) B6Xe(n, 2n)' ¥ Xe 136X e(n, 2n)' 3 Xe™ Ao, o (mb) Ay Ao,
o (mb) Aoy
8.96 + 0.09 265.09 1.50 12.12 21.71 0.33 0.99
9.46 + 0.13 558.29 0.94 20.60 198.13 2.10 7.24
. . 9.96 + 0.13 746.97 1.10 24.90 290.01 3.40 10.48
She compiled data in her %0 134473 13 @0l sma 1M nes
. . . 11.94 + 0.21 1630.47 3.98 44.50 763.13 2.72 20.26
12.94 £ 0.20 1751.34 3.20 40.95 864.13 233 22.04
3 PRC articles published in i3 i 3 Bn M n ke

1445 £ 0.19 1794.11 245 40.02 848.85 1.78 18.70

2 O 1 2 - 2 0 1 3 ! 1485 + 0.05 1727.85 266 53.15 845.42 1.81 25.58




——,
A Successful Workshop Participant — Dr. Megha Bhike

PHYSICAL REVIEW C 89, 031602(R) (2014)
EXFOR 14385
Neutron-capture cross-section measurements of 1**Xe between 0.4 and 14.8 MeV ( Apr 201 4)

Megha Bhike and W. Tornow
Department of Physics, Duke University, Durham, North Carolina, 27708, USA

and Triang!e Un!'vej,,,'AJ - ART__. _T?_ ___F T & ™. [N Y e B el inalel FTIiv A
(Rec SUBENT 14385001 20140404 14385 1 1
BIB 14 34 14385 1 2
TITLE Neutron-capture cross-section measurements of 136Xe 14385 1 3
between 0.4 and 14.8 MeV 14385 1 4
AUTHOR (M.Bhike, W.Tornow) 14385 1 5
INSTITUTE (Q1USADKE,1USATNL) 14225 1 A
TABLE II. Neutron energy and energy spread, monitor reaction
REFERENCE  (J,PR/C,89,031602,2014) cross-section values used, and "*Xe(n,y """ Xe cross-section results
FACILITY (VDGT, 1USATNL) obtained in the present work.
Neutron energy Monitor reactions % Xeln,y)"" " Xe
STATUS (TABLE)Table 11 of of Phy. E,+ AE, (MeV) o (mb) o (mb)
HISTORY (20140404C)compiled by Megl 374+0.11 170 + 5.1 0.61 £0.08
085 +0.11 38.93 4 1.60 0.74 £ 0.08
1.30+£0.12 13023+ 3.13 1L.oo+0.12
1.85 £ 0.12 238.714£5.73 0.70 £0.07
. . 274 £ 0.15 344,40 4+ 8.09 0.59 £ 0.08
She compiled data in her 1 PRCand  3x:o1s 33666791 0.96+0.22
4.10 £0.62 318204+ 748 1.09+0.11
1 1 1 | 5.66 £0.39 341.90 4+ 8.89 0.89 £ 0.09
1 PLB artICIe pUbIIShed In 2014' 6.24 +£0.36 4762 4+11.47 0.62 4+ 0.09
. . ) I 731 £0.30 3454 +£11.39 0.57+0.16
(Also a new PRC article in January "15!) 1170 2 008 S 1EO 16 123 40 073 1 007




No new EXFOR entry from a successful man participant in
these years... (“successful”=compile data published in his
own publication in EXFOR)
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Basic Nuclear Physics

£, number of pratons

~110 elements
~ 300 stable isotopes
~ 3000 unstable isotopes

NNDC, BNL

=82

: ago(i(’,t)_ _i - -
ik - _( 2mA+V(x)jgo(x,t) ?

® Finite many body system
® No well established interaction

M, number of neutrons
>

International Atomic Energy Agency



Nuclear Reaction Network in Science

Nucleosynthesis

How do we understand isotopic abundances?

Isotopic abundances in the universe

Cassiopeia A (Cas A).
Source: Chandra X-ray Observatory,
NASA/CXC/SAO/Rutgers/J.Hughes
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Nuclear Reaction Network in Science (cont)

Nuclear reaction network in high mass stars

HYDROGEN BURNING ———=

Nonburning hydrogen 7 I _pp 4
H e
“~
Hyd fusi .
ydrogen fusion § cm__zcmj NM\_JNIS__ o
Helium fusion - l /“ /‘ / l
3 16 17 18 19
i a 0 0 0 F
Carbon fusion z l L/ l l l
Oxygen fusion 1 Neacﬁ%n, Ne?— = Ne2o = Na2o e Nem
/ a-process
Neon fusion ig-: l SN\ sorocess | uaa
. 22 Mg | onne® P? S
Magnesium ;g ..
fusion §§ 1 Neutron Rich " s
Silicon fusion 25 ..lron Ti Ti
i Group Slow euplure(so npmeess)
___Heavy -
Iron ash Pr:{: :fn RichElem ents %‘;‘é‘ﬂ ::upture(';n D;gge!u)
sotopes o
G T
7P Transbismu

Elements h (U, Th, etc)

E. M. Burbidge et al., (B2FH) Rev.Mod.Phys.29(1957)




Nuclear Reaction Network in Application

Another example of reaction network:
Burning chain model in a fast reactor (JOYO, Japan)

mma | EEAECRYS
a—] u-234 ]1—. U-235 |1-> U-236 }—b 237 U-238 |—p| w-zse hhoa
2455E4+5 Y TOIBE+BR Y 2I4EHT Y (B.75 DI 4 AREE+D Y (F35 M s .ﬁﬁ:ﬁfﬂ{:ﬂyﬂb
LTI —ig s
a—{ np-237 }-.[ w238 | | memzze

Z14E46 Y ‘ (212 0} (238 00
-— Pu—ﬂBHPu—ﬂEHPu—EWJ!—P P-..—241J1—> Pu-242 Ar243

B774Y EA10E+4 7 6564 Y 1435 % JIE+E Y (4895 H)
I
A—] Am—241 Am-242m Am—-243 —bl Am=244
4328 1a|~1 30y (1or M)
(n,2m) Bk [IR] [@.173]
Am=242

[0827) " (a0 M

K—
d—] G242 [ om-243 [a] Om-244 |a] G245 [
162.19 D 281y 181y B0 Y
K.Sugino, private communication ) Cm-245 Cm-247 Cm-248 [—»
4730 Y 1.58E+7 Y JAE+R Y
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Nuclear Data in Nuclear System

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

T AN O-a MO+ X 1LAN, O+ X 800N O

j k

Increase by reaction from the i-th isotope

Increase by decay into the i-th isotope

Decrease by reaction from the i-th isotope

Decrease by decay of the i-th isotope

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




Goal of Nuclear Data

HYDROGEN BURNING ——= EARDRICERY

a " N a BEE | G aum
H' 2l e 4—[ U-234 ]1—.[ U-235 ]q—p[ U-236 ]—p[ 237 ]1—[ U-238 ]—>[ w239 ]

C\ l 2455645 Y J03BEFBY _ 234E4T Y (6.76 D) 446848 ¥ (235 M) o fgz?{:,nggb
A Y LA VR —
g s < - :l -
z 12 I 14 -Hp—za'.' No-238 ] [ 232 ]
g ¢ —-';/_03—/-* N\-__-:NB_* c? 1246 ¥ 21200 (236 D)
S . A ' . A
s | 7| 7 I S, 4
3 e e o | Pu-238 [-p{ Pu-239 [ Pu-240 [a-p{ Pu241 [ Pu-242 || zas |
g 0 /, 0 F B THOCAY oA Y #4357 373645 v @05 H)
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Ne =¢» Ne —-= Ne —-= Na —— Ne 1322 ¥ T 7390 ¥ 0T H
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Proton Rich Elements 1\ “cress- on Fe 4730 ¥ 1.56E+7 Y I4EIE Y
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h
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E. M. Burbidge et al., (B?FH) Rev.Mod.Phys.29(1957) dN (t)
i —

\ Tdt AN, (t) oy, (1) + Z fj—>i/1j N, (t) + Z diiok Ny (1)
S i K

Helium fusion

Nuclear Data:
Comprehensive set of nuclear structure
and reaction data to solve various nuclear

MMMMMMMMMM

Cassiopeia A (Cas A).

Source: Chandra X-ray Observatory, SySte e ¢ N\

NASA/CXC/SAO/Rutgers/J.Hughes International Atomic Energy Agency \’ﬁ@’ 1}\’/
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Nuclear Data in Science and Technology

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

0/ N
International Atomic Energy Agency \\’g@ #/’

V4
N\ &



Structure Data and Reaction Data

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

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

Structure Reaction (incl. EXFOR)

10—10 oS

T
EHNDF~B-UIL.B: U-235(H,F)
JEFF-3.1: U-Z235(H.F>
JEHDL-3.3: U-235(H,F)

Level Spin Parity | Half-life |
energy

n+23°U fission

(MeV) .
- cross section

0.0 72 | -1 7.0x108 y

0.0765 |1/2 |+1 ~26 min

Cross

13.04 3/2 +1 0.50 ns

L L L L L L L
10—19 105

Incident Energy (MeU)




Example of Experimental Data in Library

Fission cross section in resonance region

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

92-U-233(H, F)
EXFOR Request: 8684-1, 2811-Mar-21 22:36:83
10™% 10~7 105 10~=
| <+ 2889 Calwviani
L = 2887 Calviani

D e . = w Jt

neutron
induced
reaction

10=

10= |

Cross Section (bharns)

S,=6.8 MeV

233(n,f) cross section

ground state T
234U=n+233u Incident Energu (MeU)




Experimental and Evaluated Data Libraries

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

ENDF Request 3558, Z811-Mar-21,22:32!58
EXFOR Request: 868371, 2811-Mar-21 22:32:37

108 107 10~ % 10— = 10—
104 | - ENDF/B-UII.B8: PU-241(H,F) 4104
JEFF-3.1: PU-241CH,F) Evaluated data sets
- JEHDL-4.8: PU-241(H,F}
. | O 2818 Tovesson
Experimental | [, 1991 Wagemans
AUEAT Gerasimov .
data sets 1pe | 19%gpasinov - gfL {10°
F = 1987 CePdlmbys 7 . 3
[ 2+ 1982 Hagemans T - ]
10% | {10%

Cross Section (bharns)

M 10

£ Breit-Wigner

r o A2
0 (E) = m%ig{fﬂ- L
= E | (E—E,,)-+(1‘.v"2)"

1__|IIII| 1 1 1 IIIIII 1 1 1 IIIIII 1 1 1 IIIIII
10~ & 107 10 % 10— %
Incident Energy (Mell}
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From Microscopic Experiment to Application

request Of new measurement

Experimental 4 S EEEEEEEEEE NN NN E NS N NN NS NN EEEEEEEEEEEEEEEEEEEEEEEEE -:
data library :
|
Reactor T |
Experiment Evaluated constant, ransport caic.,
~ data Iibrary MACS, etc. Network calc.
Evaluation [> Processing [> Application
Theory :
Optical model, statistical model,

pre-equilibrium model,...
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IAEA Nuclear Data Services

EXFOR (experimental reaction data)
ENDF (evaluated reaction data)
—>We will discuss them later.

D35S, June 2014

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

'oord. by NEA Data Bank, 2014 [page] [archive] [retrieve]
IRDFF - International Reactor Dosimetry and Fusion File w1.03 [pace] [archive] [retrigve]
CD/DVD-ROMs available for on-line downloading [paoe]
Portable Empire-3.2.2 for Windows - nuclear reaction model code system for data evaluation [page] [download]

CO/DVD with

~

N\
J Main |[ Al ][ Rﬂ:tinn Data |[ Structure & Decay |[ by Applications || Doc & Codes || NDS-ntemal || Index || Events ][ Links |[ News |

ADSLib =t 4 ;

Atomic Mass Data EXFOR LiveChart of Nuclides g CINDA
Centre Experimental nuclear reactiony Intzractive Chart of Nuclides i o MNuclear reaction
E‘I-I;I-D-ﬂ-L -------------- data — hibliography

LilF

Charged particle ENDF . [=== ENSDF, NSR

reference cross Evaluated nuclear reaction | evaluate clear structure and decay data (+XUNDL) ** Muclear Science References
=ection libraries =l =

DROSG-2000. \ |

EMPIRE-3.2 b

LiveChart of Nuclides
(evaluated StrUCtU re and decay data) id spectra up ’Ii:li:lll:eg'fal:tionalReacturDosir{EtF{andFusian

creoo e I Standards

is Muclear section

Beam monitor reactions

Charged particle ref%em:e Cross

smrara : iremmesagranss s aresues P |
EMSDF programs ____ Meutron Activation Analysis | recum?nendal:ions. August 2008 i Data for Medical Application:
_E_)gl_:[_:}_R__ ______________ Portal H . .
NSR (Bibliography)
Interaction Data *Datsbase at the IAEA, Vienna -~ **Database at the US NNDC

http://www-nds.iaea.org/ : primary server (Vienna)
http://www-nds.indcentre.org.in/: mirror server (India)

® Mirrors

Muclear @

Data
Services
Internationzal Atomic
Energy Agency
‘ienna, Austria

BARC, India

i -
Bhabha Atomic
Research Centre
Mumbai, India

CNDC, China
clez cﬂﬂ
; e s
China Institute of
Atomic Energy
BEeijing

: NNDC

1al Muclear Data

D nEa _




NSR (Nuclear Science References)

& National Nuclear Data Center

5
NATI 1"P.;»-.'('I. 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 researcrh Nwuar RN iniirnale ara rhackad an a rannlar hacie far articlas ta ha incliidad  Far mora infarmatinn cas tha

Felis s e ~200,000 references (~150,000 from journals)
_wasaa” ©  Database maintained at NNDC.

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

NUC”dEl

4N Pt
J1Na or ca-38

Reaction
mg or (n,g9) or (160,160)

Publication Year from [1896 to [2015

Reference Type & All © Experiment € Theory
Output Format & HTML ¢ BibTex ¢ Text

=earch | Reset |

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

‘// N
International Atomic Energy Agency g@ 1\‘?

V4
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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 prOVide f the NSR Web Interface.

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

e Rea Ctl on Brown or B.A.Brown

Nuclide
31Na or ca-38

Reaction

and search. 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




NSR — Exercise 1

Nuclear Science References (NSR)
Question NSR Reference Paper NIM A 640, 213 (2011)

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
Ga nesan IS an a Uthor. f the NSR Web Interface.

umber Sean:hi Combine "d'iewi Recent Referen:esi

Author
Brown or B.A.Brown IG anesan

Nuclide
31Na or ca-38

Reaction
mg or(ng) or (160,760)

Publication Year from [1896  fo [2015

Reference Type & all € Experiment ¢ Theory
Output Format & HTML ¢ BibTex ¢ Text

Search |  Reset |

I/‘ i | \“



NSR — Exercise 2

Nuclear Science References (NSR)

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

Sea I’Ch d rtiCIGS repO rting 1ysics articles, indexed according to content and spanning more than :

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

expe ri mental resu ItS f the NSR Web Interface.

78 78
of Se(n,p)As.

Author
Brown or B.A.Brown

Nuclide
31Na or ca-38 1 185€
REEGTFGHI n p
n.gor{ng) or (160,160) ’
Publication Year from [1896  fo [2015

Reference Type — all .Experiment . Theory
Output Format & HTML ¢ BibTex ¢ Text

Search |  Reset |




NSR - Exercise 2 (cont)

Not all articles report the 78Se(n,p) reaction.

1995BI16 Phys.Rev. C52, 2546 (1995)

No 78Se(n,p) in keywords

I.-G.Birn, B.Strohmaier, H.Freiesleben, S.M.Qaim

Isomeric Cross Section Ratios for the Formation of 7>M.758ge in (n, p), (n, @), and (n, 2n) Reactions from 6 to 15
MeV

| NUCLEAR REACTIONS 72As(n, p), 78Se(n, a), 7°Ge(n, 2n),|E=6-15 MeV; measured o(E); deduced isomeric cross-
Section ratlo. Ivation technique, nyperpure Ge detector. Statistical, precompound model analyses.

doi: 10.1103/PhysRevC.52.2546
Data from this article have been entered in the EXFOR database. For more information, access X4 dataset22291.

1994BI01 Nucl.Sci.Eng. 116, 125 (1994)

’8Se(n,p) in keywords!

I.Birn, 5.M.Qaim

Excitation Functions of Neutron Threshold Rgactions on Some Isotopes of Germanium, Arsenic, and Selenium in the
6.3- to 14.7-MeV Energy Range

NUCLEAR REACTIONS 75A{, 74,76,78ge 72,73,74Ge(n, p))| 7°As, /8.80Se(a, a), 7°As, 70.76Ge(n, 2n), E=6.3-14.7 MeV;
measured o(E). Activation TeChnique, nign resolucion y-spectroscopy. Statistical multi-step model analysis.




T
NSR - Exercise 2 (cont)

Compare NSR output for
“Nuclide =78Se and Reaction = n,p reaction”
with Fig.3 of the 33080 article.
Five past experiments plotted in Fig.3.
Are they also in the NSR output?

Present work TgSe(n, p)?gAs
GuozhuHe [34]
Filatenkov [35]
Birn [36]

1 Grallert [37]
25 r__Hoapng I38]

Aq4dpon

[34] Guozhu He, Zhongjie Liu, Junhua Luo, and .
Xiangzhong Kong. Indian J. Pure Appl. Phys. 43, 729 Not in NSR

= (2005).
g [35] A. A. Filatenkov and S. V. Chuvaev, Khlopin Radiev. Inst.. Not in NSR
g 15 Leningrad Reports No. 258 (2001).
2 _ . . . .
S EMPIREI - [36] 1. ].31111, S. M. Qaim, B. Strohmaier, and H. Freiesleben, Nucl. in NSR
10 {Exciton} T SCI. Eng. .I.:I.6.'| ]25 (1994).
————— EMPIRE-II [37] A. Grallert, J. Csikai, Cs. M. Buczko, and 1. Shaddad, TAEA .
5 (USCMSD) Nucl. Data Section report to the LN.D. C. No.286, 131 (1993).  Not in NSR
0 (Exciton) [38] H. M. Hoang, U. Garuska, A. Marcinkowski, and B. Zwieglinski,
0 12 14 18 18 2 Zeitschrift fuer Physik A, Hadrons and Nuclei 334, 285 (1989). in NSR

Neutron energy (MeV)

FIG. 3. (Color online) Cross sections for "®Se(n., p)’® As reaction




LiveChart of Nuclides

@i H - Isotope Browser rch & Filter '~ “|Mass chains Neulron Cross email: nds contact pomt
Ileft cclt-.art do.s Nugl::les l_‘[the Android app on on Ground states, Levels, |%; 7B and ec decays ’ Go to the Applet version
nuclear structure and decay da Google Play or Amazon Bands, Gammas, Radiations plotting Resonance Integrals Guide & Sources

BEEd Nuclide Cololrzo(I._lesh\r?
— N eeETT=TE A value ™* guantile

2 <| 1| - [ide Chart]

Use “Hide Chart” option
if loading time is long!

Nuclide Levels Gammas Bands Decay Radiation | El. and Magn. Mom. | Ther. Neutrons Capture | Fission Yields Schema plot

http://www-nds.iaea.org/livechart/ (No mirror available)

¢ \
International Atomic Energy Agency g@ \l‘i/
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LiveChart of Nuclides (cont.)

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

Just type a nuclide symbol
(e.g., 1H, 12C, 238U)



LiveChart of Nuclides — 13°Xe

Nuclide tab

@ Live Chart of Nuclides |

= Isotope Browser
'lﬂlE Android app on

- Search & Filter b
: on Ground states, Levels,

Ground
state

Metastable
state

nuclear structure and decay data Google Play or Amazon Bands, Gammas, Radiations b
: [135Ke Show Chart
Muclide " Levels ” Gammas " Bands || Decay Radiation " El. and Magn. Mom. " Ther. Neutrons Capture ” Fissi
Click on a nuclide symbol to show the level schema and ENSDF dataset
. G.S. Tlfg Qﬂ‘ Qa
n
Nuclide ] Abundance G.S. Decays [keV] [keV]
135Xe 3/2+ 9.14h2 B- 100 1165.048 4070 -3630.67 415 -
54 81
Metastable states
: Ene
Nuclide (kevr)-gy JMorder  Band  T1/2 T1/2 [s] Decays
13smXe |526.551 13 11/2- 15.29 min 5| 9.17E2 B- < 0.6
54 81 IT > 99.4

FMSNF AdAatacets ralatad tn 135%¥F




LiveChart of Nuclides - 13°Xe (cont.)

Levels tab
H H <= Isotope Browser ~ [Search & Filter 2 ..+ Neutr
i S oS  eiGedntn o Gound states Levds, * Secti
IW Show Chart
i Nuclide ' Levels | ammas H Bands || Decay Radiation ” El. and Magn. Mom. H Ther. Neutrons Capture H Fission Yields ” Schem
l Click on a nuclde symbol to show the level schema and ENSDF dataset
Nuclide (E:‘i;gy JMorder Band T2 T1/2 [s] Decays I
135Xe 0.0 3/2+ 9.14h 2 3.29E4 B- 100
54 81
135Xe 288.455 15 1/2+
54 81
135Xe | 526.551 13 m 11/2- 15.29 min 5 9.17E2 [B- < 0.6 7/2+
54 81 IT > 99.4
135Xe | 1131.512 11 7/2+ —11/2+
54 81
135Xe | 1260.416 13 5/2+ — /2
54 81
135Xe 1448.36 3 (3/2+) — 3/2+

135Xe




=
LiveChart of Nuclides - 13°Xe (cont.)

Decay Radiation tab

H H < Isotope Browser rch & Filter
) Il‘;:.\'e Charat':f Nuclides If'the ek 2pp on i =
nuclear structure decay data Google Play or Amazon 5, Gammas, Radiations
Go to Nuclide: |135Xe Show Chart

Nuclide || Levels || Gammas || Bands |i Decay Radiation i| El. and Magn. Mom. || Ther. Neutrons Capture ” Fission Yields ||_

Level note on
Parent Ty, E Jp Decay Q decay
[keV] order Q values

135Xe  9.14h 2 0.0 3/2+ |B- 100 % 1165.048 4070 135Cs

54 81

Daughter

55 80

see the ENSDF source

-_
MNote: Q-value used in ENSDF to determine displayed decay data is: 1165 4 keV - see note on Q values

135%e
1062.420 14 103 4 26.9 11 0.123 6
981.315 22 184 4 50.0 12 0.075 5 Wy
608.186 14 | 5/2+ 557 4 173.3 15 3.11 14 - B-decayiy 5/2+
407.989 13 757 4 248.1 16 0.59 3 Wy 5
249.793 12 | 5/2+ 915 4 310.2 16 96 4 \ '
. - Y 5/2+
407.989 13 249.793 12 5/2+ 158.197 18 | 0.289 14 o
608.186 14 5/2+ 407.989 13 200.19 10 0.012 5 _v-deca 7/2+
249.793 12 5/2+ 0.0 7/2+ 249.79415 903 Y y 135¢
608.186 14 5/2+| 249.793 12 5/2+ 358.39 3 0.221 11
981.315 22 608.186 14 5/2+ 373.13 10 0.015 3




LiveChart of Nuclides - Exercise

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

w B decay (?%)

Ay

W
\

IR

78ac 0
Ases
Tl /2= ? ‘\‘\“:\“\‘}\J 7 8 Se %k
Y Questions:
y decay & 1. Half-life of 8As
(? keV, ?%) 2. Branching ratio of 78As B-decay

®Segs 3, Energy of strongest decay y
radiation and its intensity



LiveChart of Nuclides — Exercise (cont)
y B decay (100%) Questions:

78 )
ASgs 1. Half-life of 3As
T1,/,=90.8 min\, 7860 2. Branching ratio of 78As B-decay

v
v
1
1
\
1

1

\

\

1
\\/

785e

Ty

H H o Isotope Browser . Search & Filter '~ -+Mass chail
gs m II;:’UE and des l"d‘le Android app on . on Ground states, Levels, |%:-pandecd
R L= decay Google Play or Amazon 5, Gammas, Radiations plotting
.'i. Go to Nuclige: I?&As Chart

Ld |
@ Nuclide Levels ” Gammas ” Bands ” Decay Radiation ” El. and Magn. Mom. || Ther. Neutrons Capture ” Fiss
Click on a nuclide s e le DF dataset
: GS.T \ Qg |
Nuclide J7 /2 1 G.s. Decays Qp Qa
Abundance [keV] [keV] [
78As 2-1190.7 min 2||B- 100 4208.949 9813 |-7192.26 1026 |-
33 45
ENSDF datasets rela RUNDL datasets related to 78AS
Evaluated Nuclear Structure Data File Experimental Unevaluated Nuclear Data List
=] » ADOPTED LEVELS, GAMMAS =1 » 76GE(A,PNG): XUNDL-1

=l » 78GE B- DECAY (88 M) =] » 78AS B- DECAY (20.7 M)

El » 756E(APNG) £l 0 785E(T,3HE) £l « 20SE(D,A)

IVI i| ‘I”




LiveChart of Nuclides — Exercise (cont)

\
‘\“\‘\
Wi H [ ]
A ues Ions
[N [ ]
RN
(RN
[N
[
S W
LRAAY

A
VAN
VAN
AN
RENY
Y
Y
'SR
\
o
LA
3
\ \J
1
\
1
1

3. Energy of strongest decay y

1

1

\

\
\\/

) — radiation and its intensity
= 5 = = Isotope Browser i rch & Filter .
E,=613.8 keV U s o oS e an ron  —ShGound des Lavls . .
(54%) 78 Go to Nuclide: |[78As Show Chart
Se Nuclide || Levels ” Gammas || Bands ” Decay Radiation “ El. and Magn. Mom. || Ther. Neutrons Capture || Fission Yields "_S
_—----L Level ‘1,, |n ,____note on | ‘
. A
2838.58 9 (2+) 2682.09 9 4+ | 156.6 3 0.092 24
2682.09 9 4+ 2507.72 10 3- 174.2 3 0.18 4
1854.00 9 3+ 1502.64 11 4+ | 351.12 0.162 24
2682.09 9 4+ 2327.34 13 2+ 354.32 1.93
1758.91 11 0+ 1308.66 7 2+ 449.84 0.08 3
3144.52 13 3- 2682.09 9 4+ 462.22 0.59 9
1995.78 10 2+ 1498.76 18 0+ 497.03 0.18 3
2838.58 9 (2+) 2334.87 19 0+ | 503.72 0.42 6
854000 e 1308667 2t 2
613.84 7 2+ 0.0 0+ (613.81 54 6
3144.52 13 3- 2507.72 10 3- 637.12 0.21 3




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)

AemfamMN Ny (1 — E_J"""n) e—AMn (1— E_l‘“h)
Apdfarud N (1 —e=) e=22 (] —e=23)°

We extracted these data

o =0y

TABLE I. The decay data of the radioisotopes produced fr‘o m Live C h a r‘t .
Nuclear Reaction Abundance (%) Half life MMeV} fa (%)
"ESe(n, p)®As 23.77 +0.28 90.7 + 02 m 0.614 54 +£ 06
80Se(n, p)*As 49.61 £ 0.41 o7 & 07s 0.666 42 £ 0.5
*Fe(n, p)**Mn 91.75+ 036 2.578 + 0.0001 hr 0.847 99 + 0.3
YE(n, p)?0 100 2691 + 0.08s 0.197 96 4+ 2.1

1.357 504 + 1.1




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).



Isotope Browser (Mobile app for iOS and Android)
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Free!
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Android: Search for “isotope browser” on “Google Play”. ';..

Apple: Search for “isotope browser” on “iTunes”. 9

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