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Decay radiation: decay scheme and emitted spectra
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Decay radiation

Warning : Q values are the ones at the time of the evaluation

Evaluation: M. Nica and B. Singh Publication cut-off: 9-Mar-2022 ENSDF insertion: 2022-03 Publication: Muclear Data Sheets 181, 1 (2022)
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141.7 10

4873 20

B892 35 89526 0%

l_._] ENSDF source

3] Compare decay libraries (allow pop-up)

#1.( ENDF/B-VIILO )( Nd-147 )

».(JEFF-3.3 )(Nd-147 )

#.(JENDL-5 )(Nd-147)

#4.( DDEP-2021 )(Nd-147 )

#5 ( ENSDF-2025 )( Nd-147)

Nucleus: Nd-147 ZA=60147
Library: ENDF/B-VIILO, MAT=2034
AUTH: Conversion from ENSDF
EDATE: EVAL-NOVO05

Half life: 10.98 = 0.01(d)

AWR: 145.654

Isomer number: LISO=0

Level number: LIS=0

Spin & Parity:  5/2-

Ebeta: 268.0441 £ 4.939273 (keV)
Egamma: 144.1973 £ 5.807435 (keV)
Ealpha: 0+ 0 (keV)

Decay modes: 1

Radiation types:4

Nucleus: Nd-147 ZA=60147
Library: JEFF-3.3, MAT=2047
AUTH: AL NICHOLS

EDATE: EVAL-JUNS4

~Half life: 11.02 £ 0.02(d)

AWR: 145.654

Isomer number: LISO=0

Level number: LIS=0

Spin & Parity:  5/2-

~Ebeta: 270.598 + 15.5005 (keV)
~ Egamma: 138.133 £7.8428 (keV)
Ealpha: 00 (keV)

Decay modes: 1

Radiation types:4

Nucleus: Nd-147 ZA=60147
Library: JENDL-5, MAT=2165
AUTH: Conversion from ENSDF
EDATE: EVAL-NOV21

-, Half life: 10.98 £ 0.01(d)

AWR: 145.654

Isomer number: LISC=0

Level number: LIS=0

Spin & Parity:  5/2-

~Ebeta: 2059469 + 6.593113 (keV)
- Egamma: 126.056  1.614941 (keV)
Ealpha: 00 (keV)

Decay modes: 1

Radiation types:4

Nucleus: Nd-147 ZA=60147

Library: DDEP-2021) LNHE, 2013-01-04
Laboratoire Mational Henri Becquerel

~Half life: 10.987 £ 0.011(d)

Spin & Parity:  unknown

Nuclide ; Nd-147 LARA

Element ; Neodymium -

Z:60

Daughter(s) : (B-) : Pm-147 ; 100

Q- 8957

Possible parent(s) - (B-) : Pr-147 - 100

Half-life {d) ; 10.987 : 0.011

Half-life (s) ; 949.3E3 ; 1.0E3

Decay constant (1/s) - 730.2E-9; 0.7E-9

Speuﬁl: activity (Bafg) - 2.9913E15 ; 0.0030E15
; CEA/LME-LNHE - 2011

Emsswns (30 lines) sorted by increasing energy

Decay modes: 1

Radiation types:2

Nucleus: Nd-147 ZA=60147

Library: ENSDF-2025

~Half life: 11.03 + 0.03(d)

Spin & Parity: B2

Library ; ENSDF 202503 by livechari20241016 ARA
Muclide ; Nd-147
Elemenl : Neodymium

leﬂr(s) (B-) ; Pm-147 ; 100

Q-; 5952

Passible parent(s) :

4

p; 52-
Halfdife (d) : 11.03 ; 0.03
Halfife (s) ; 9.53E5 ; 2.552E3
Decay constant (1/s) ; 7.272E-7 : 2E-9
Specific activity (Bq/g) : 2. 831E15 - 8 198E12
Reference : ENSDF 202203 / Author(s) N. Nica and B. Singh
Emissions (42 lines) sorted by increasing energy
Decay modes: 1
Radiation types: 2

#M1. Decay mode: RTYP=1 B-
Decay Q=895.7 + 0.9 keV

#M1. Decay mode: RTYP=1 B-
~Decay Q=896.1 £ 0.9 keV

#M1. Decay mode: RTYP=1 B—
~Decay Q=896 + 0.9 keV

#M1. Decay mode: RTYP=1 B-—
~Decay Q=895.7 keV

#M1. Decay mode: RTYP=1 B—
~Decay Q=895 2 keV

#R1. Radiation type: STYP=0 y
AveDecayEne=125.91 £ 57016 keV
DiscreteSpectrum: 26 lines [ plot

#R1. Radiation type: STYP=0 y
~AveDecayEne=119.63 £ 7.6213 kel
DiscreleSpectrum: ~14 lines [ plot

#R1. Radiation type: STYP=0 y
~AveDecayEne=12591 + 1.6149 keV
[*] DiscreteSpectrum: 25 lines [ plot

#R1. Radiation type: STYP=0 y
AveDecayEne: ?
DiscreteSpectrum: 25 lines [ plot

#R1. Radiation type: STYP=0 y
AveDecayEne: 7
[+ DiscreteSpectrum: ~25 lines [ plot

#R2. Radiation type: STYP=1 B— #R2. Radiation type: STYP=1 B- #R2. Radiation type: STYP=1 B- -no- -no-
BVGD&CBB"EHB=231.88 * 4.?06‘3 keV ~AveDecayEne=233.60 = 15.144 keV ~AveDecayEne=231.98 + 0.095672 keV
DiscreteSpectrum: 8 end-points [ plot DiscreteSpectrum: -5 end-points (] plot| (%) DiscreteSpectrum: ~9 end-points [ plot
ConfinuousSpectrum:82 [ plot
#R3. Radiation type: STYP=28 disc. e- #R3. Radiation type: STYP=28 disc. e— #R3. Radiation type: STYP=8 disc. e— -no- -ng-

AveDecayEne=36.159 + 0.56474 keV
DiscreteSpectrum: 138 lines [ plot

~AveDecayEne=35.908 + 3.6908 kel
[+ DiscreteSpectrum: -39 lines (] plot

~AveDecayEne=53.964 + 1.7447 keV
DiscreteSpectrum: 220 lines (] plot

#R4. Radiation type: STYP=9 X -rays
AveDecayEne=18.285 + 1.1034 keV
DiscreteSpectrum: 14 lines [ plot

#R4. Radiation type: STYP=9 X -rays
~AveDecayEne=18 508 + 1.8508 keV
[+ DiscreteSpectrum: -6 lines [ plot

#R4. Radiation type: STYP=9 X -rays
~AveDecayEne=0.144 + 4 022e-3 keV
[*] DiscreteSpectrum: ~33 lines [ plot

#R2. Radiation type: STYP=9 X -rays
AveDecayEne: ?
DiscreteSpectrum: -5 lines [ plot

#R2_ Radiation type: STYP=0 X -rays
AveDecayEne: 7
[*] DiscreteSpectrum: 6 lines [ plot
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I LiveChart Data API

Introduction
Examples

Jupyter lab
Notebook

API description
Service URL

API parameters
fields
nuclides
parents
products
rad_types

Fields content
Notes
Data sources

Field groups
ground_states
levels
gammas
decay_rads
bin_beta
fission_yelds

Feedback
Contact

Errors
Return codes

Livechart Data Download API

Ci:‘) Data API
Direct data download

SEETL RS Motebook

This APl allows the direct download of data. At the moment the format provided is CSV (comma

separated values). Future developments will include more formats, and more options to build

custom gueries.

Examples

The service URL is nds.iaea.org/relnsd/vl/data? followed by request parameters.

(please note that using 'vO' is the same as using 'v1')

Here some examples of data request parameters:

fields=levels&nuclides=135xe tryit»
Xe-135 levels

fields=gammas&nuclides=135xe tryit»
Xe-135 gamma transitions

fields=ground_states&nuclides=all tryit»
all ground states in the database

fields=cumulative_fy&parents=233u tryit»s
U-233 cumulative fission yields

fields=cumulative_fy&products=135xe tryit»
cumulative fission yields producing Xe-135

fields=decay_rads&nuclides=135xe&rad_types=e tryit=
electrons (Auger and conversion) from Xe-135 decays

fields=bin_beta&nuclides=135xe&rad_types=bm tryit»
Beta and (anti)heutrino energy distributions from Xe-135 G.S. decays

Jupyter lab

The Livechart APl works very effectively with Python data analysis libraries (pandas and plotly in

these examples), the first step to build models for Machine Learning.

Many examples, including 3D plotting, are detailed in this Notebook

Livechart APl + Data Science packages
Version 1

This notebook makes use of

Pandas : a library for data manipulation: https://pandas.pydata.org
Plotly http://plotly.com @ a package for interactive data visualization, here how to get it work with jupyter lab

In short :

% pip install pandas

% pip install plotly

% pip install ipywidgets

% jupyter labextension install jupyterlab-plotly

Write your feedback to nds.contact-point@iaea.org
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https://nds.iaea.org/livechart

Nuclide

(¢ _Jae
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Y Live Chart of Nuclides
I nuclear structure and decay data
il omail: nds contact point guide & sources

, Mass chains
* B and ec decays plotting

Color zones by £
value ® quantile
Neutron Cross Sections

Main Decay Mode EI “# peconance Integrals

a

List of updates

EC+ beta+ Oct 2024 - Mar 2025
- Click on a nuclide to fill the data tabs.
- Double click to bring it to the centre.
- Mouse: drag to move wheel to zoom
» Numeric keypad: zoom with 3 and 7

Use 8, 6,2, 4,9, 110 move and 5 to reset

Nuclear Moments

O Decay radiation order by intensity

Neutron Capture

Fission Yields

Schema Plot

Ground State isomers Levels GCammas

Decay Radiation

Search & Filter

3D Plotting o ] e Decay Portal

Isotope Browser for mobile

7 New in Livechart
Decay Radiation

Data API
Direct data download

Medical Isotopes
Accelerator
simulations

S query panel on
structure and decay

: ‘!, « with zoom, rotation, - compare different
& and filter - evaluations

W B

order data by intensity

AL s Notebook




Nuclide Element Z N A Zrange N range A range ZNA ZNA

L] e b evenU ] oda UL

D Q-values - Separation Energies - Atomic Masses - Radius

[] Energy |:|<_: keV = |:| [JHL |:-£ |:- | Istable [JI1sospin |:|
(] Decays I:lﬂ% = |:| Only G.5. and Metastable [Ja I:I order |:| ™ - weak[_]

D Nuclear moments

[ | Energy < keV < any® a0 g-O g+O yO eO
[_]End level en. <keV < delayed nO  pO aO
(3 order T weak[_] ] Energy <keV=

[ | conversion coeff. - Multipolarity - Mixing ratio (| Intensity <% <

(] show only | 2 | most intense lines

Order by: ZA
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I LiveChart Filter

How to define queries

1) Plotg.s. T, VS A
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How to define queries

1) Plotg.s. T,, Vs A

LEVELS
Energy |O |s ke < |D | D HL < Stable D Isospin
(] Decays £%< Only G.S. and Metastable U order ™ weak[ ]

|:| Muclear moments

[ | GAMMA transitions | | DECAY RADIATION emitted by the daughter

Order by: ZA Ty

Wz [«a [ [CJe® [Jow [(JeEa[ Jeen[Jsn [Jse [Jr [Jam e [
[(ler [0 [Jo [ JEma [Jirea [ Juogw[ J0F [ Jev [ Ja [ JBE [ JBiM) [ o

Plotting X Axis Y Axis

D Log X Log ¥ D scatter I:I height D show data | Close
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2) Plot Sn for Pb isotopes
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NUCLIDE Ground State

2) Plot Sn for Pb Isotopes Nuclidet Z N A Zrange Nrange Arange eveanEE Oddz['::E

D Q-values - Separation Energies - Atomic Masses - Radius

LEVELS
D Energy < keV =< D HL < Stable D Isospin
[ Decays =%s Only G.S. and Metastable k! arder ™ weak[_]

I:l Muclear moments

[ ] GAMMA transitions | ] DECAY RADIATION emitted by the daughter

Orderby: ZA Tz

iz [«]a [n [CJow [Jow [CJeEa [ Jeen[ Jsn [(Jse [Jr [Jam [J [Jme
[Jer [ [Jo [Jems [Jiea [Jegf[ Jvr [Jey [Ja  [BE e &

Plotting X Axis Y Axis
CAEN" 3 H

Levels Gammas Decay Radiation

[ Ground States
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3) Measured beta-delayed neutron decays vs theoretically
possible
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3) Measured beta-delayed neutron decays vs theoretically
possible

LEVELS
NUCLIDE Ground State
D Energy = kev = D HL = Stable D Isospin
Nuclide Element Z N A Zrange N range Arange ZNA ZNA
Decays D =%= Only G.S. and Metastable (3 order m weak[_] even 1) odd L]
B- m B-2n 2B- B-3n B-4n B-a B-p Q-values . Separation Energies - Atomic Masses - Radius
B+ B+2p Bra p+p _Ja(m) El < keV = [ q(Ec) < keV < L] Q(a) =keV =
ec 2ec ecfB+ ecp ec2p ec3p eca
aITSFpn2p Q(B-n) D < keV = [Js(n) < keV = [Js(p) =keV =
2c l4C 0Ne 2Ne 28Mg 245 Mg Ne
= = _Jr frm ] |Atc>rnic rnass AM =pAMU =

|| Nuclear moments
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5) Hindrance factor in alpha decay: find alpha-decaying nuclei
with HF=1
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5) Hindrance factor in alpha decay: find alpha-decaying nuclei

with HF=1

LEVELS
Nuclide ()
< =
[2c_]Q¢C | Energy =keV =
9 Bﬂ
. = __| Decays =% =
L]
cocococs __| Nuclear moments
ooooooo
ooooooooo
o Koo 0e0eQ
CDDD:E OOOOOOO
OOOOOO E 20000 L e
popcocegasczaana. GAMMA transitions

ooooooooooooo

— Stable (] 1sospin

*| Only G.5. and Metastable [Ja order m weak[_]

DECAY RADIATION emitted by the daughter

any©O a® g-O g+0O yO O

delayed nC pC aO

(] Energy <keV=
[ ]Intensity =% =
[] show only most intense lines

Hindrances HF < I:l
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6) Plot B(E2) strengths of transitions from first excited 2+ states
to the ground state vs 2+ energies
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6) Plot B(E2) strengths of transitions from first excited 2+ states
to the ground state vs 2+ energies

LEVELS
[ Energy skeV = JHL < Stable (] 1sospin
D Decays =%= Only G.S. and Metastable J El order D m weak’:‘
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7) Find nuclides which emit y rays of energy 197.2 keV (no decay)
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7) Find nuclides which emit y rays of energy 197.2 keV (no decay)

GAMMA transitions u DECAY RADIATION emitted by the daughter

Energy 1971 |< kev < [197.3
| 1End level en. <keV =

[ ]J order 1T |any weak[_ ]

[ ] Conversion coeff. - Multipolarity - Mixing ratio
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8) Plot T1/2 vs E2+
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8) Plot T1/2 vs E2+

LEVELS
_ Energy =keV = [ JHL < Stable [] Isospin
| Decays =%= ¥/ Only G.S. and Metastable J El order D m weak[_]

j Nuclear moments

[ | GAMMA transitions [ | DECAY RADIATION emitted by the daughter .

Orderby: ZA

Yz e [ [Llee oo [ JoEa [ Jo@n[ Jsn

]BF! Du DQ DErad Dlrad

Plotting X Axis

[ og e[ JHF
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Y Axis
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] Log X Log v [scatter \:| height (] show data Close
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8) Plot A vs 6 mixing ratio for E2/M1 transitions from Jpi 2'+ to
2+ for e-e nuclides having 60 <A <150

K.S. Krane, Phys.Rev. C 10 (1974) 1197 (A is a function of ) E&i
MK

E2/M1 multipole mixing ratios of 2' -2 gamma transitions in even-even
spherical nuclei

It is shown that the systematics of both magnitudes
and phases of the mixing ratios are explained quite
well for a number of nuclei by a model proposed by
Greiner, in which the magnitude of the mixing ratio is
parametrized in terms of the deviation of the g factor
of the first 2+ state from the value Z/A.
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8) Plot A vs 6 mixing ratio for E2/M1 transitions from Jpi 2'+ to
2+ for e-e nuclides having 60 <A <150

K.S. Krane, Phys.Rev. C 10 (1974) 1197 (A is a function of )

NUCLIDE Ground State

Nuclide Element Z N A Zrange N range Arange ZNA ZNA
:I:IDEIDI I || I | o fso] e oad [T

D Q-values - Separation Energies - Atomic Ma. Radiu:

LEVELS

] Energy l:lskevs l:l [JHL ms |= y [Istable ] Isospin I:I
I Decays %< [¥/only G.5. and Metastable 3f ] order B] wE]weak]
~ I Nuclear moments

(] DECAY RADIATION amited by the davghor
[JEnergy I:|5k9V5 l:l any® a0 B-O p+0 yO e

[ JEnd level en.l:ls kev £ |:| delayed n pO a

Maf ] eerf] "‘”eakD Energy <keVs

Conversion coeff. « Multipolarity « Mixing ratio Intensity < % <

[ ] conv. coeff. <g< ‘Total ‘
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OJ Mixing ratio |:|5 6< I:l

Order by: ZA
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Plotting XAxis| A |YAxis| 5 |

O Log X Log Y [ scatter E height [ show data Close



LiveChart API

URL service: nds.iaea.org/relnsd/v1/data?

Fields:
ground_states or levels or gammas or decay_rads or cumulative_fy or independent_fy or bin_beta

Nuclides:

Nuclides=147Nd or

Nuclides=all — only for ground_states

Parents and products

Only for cummulative_fy or independent_fy — only one parent or product
Rad_type

For decay_rads: abp bm g e x (q, B, B*, v, Auger and conversion electron, X-ray)

For bin_beta — only one type (bp bm ( 8, B*))



l LiveChart API

Examples

Retrieve all gammas for 133Xe:

Retrieve X-rays from 133Xe:

)
)
3) Retrieve all ground states:
) Retrieve cumulative fission yields for fission product 147Nd:
)

Retrieve beta and antineutrino spectra for decay of ground state:



l LiveChart API

Examples
1) Retrieve all gammas for 133Xe: nds.iaea.org/relnsd/v1/data?fields=gammas&nuclides=133xe

2) Retrieve X-rays from 133Xe:
nds.iaea.org/relnsd/v1/data?fields=decay_rad&nuclides=133xe&rad_types=x

3) Retrieve all ground states: nds.iaea.org/relnsd/v1/data?fields=ground_states&nuclides=all

4) Retrieve cumulative fission yields for fission product 147Nd:
nds.iaea.org/relnsd/v1/data?fields=cumulative_fy&product=147nd

nds.iaea.org/relnsd/v1/data?fields=cumulative_fy&parent=u235&product=147nd

5) Retrieve beta and antineutrino spectra for decay of ground state:
nds.iaea.org/relnsd/v1/data?fields=bin_beta&nuclides=135xe&rad_types=bm

1st metastable state of 135Xe:
nds.iaea.org/relnsd/v1/data?fields=bin_beta&nuclides=135xe&rad_types=bm&metastable_seqno=1



I LiveChart Data API

Jupyter Notebook

Spip install pandas
Spip install plotly
Spip install ipywidgets

Sjupyter labextension install jupyterlab-plotly
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I LiveChart Data API

Set up

Import pandas as pd
Import plotly.express as px

Import plotly.graph_objects as go

#service URL

livechart = https://nds.iaea.org/relnsd/v1/data? Or add user agent

In Python:

def 1lc_read cswv{url):
req = urllib.request.Request{url)
req.add _header( 'User-Agent’,
'"Mozilla/5.@ (X11; Ubuntu; Linux x86 _64; rv:77.8) Gecko/20180181 Firefox/77.08")
content = urllib.request.urlopen(req)
return content


https://nds.iaea.org/relnsd/v1/data?
https://nds.iaea.org/relnsd/v1/data?
https://nds.iaea.org/relnsd/v1/data?

LiveChart Data API

Example: plot half-lives of Ac isotopes

url=livechart+"fields=ground_states&nuclides=all”

df=Ic_pd_dataframe(url)[ [ ‘symbol’, ‘n’, ‘half_life_sec’ ] ].query(* symbol=="Ac" ")
fig = px.scatter(df, x=“n", y="half-life", log_y=True)

Fig.show()



LiveChart Data API

Plot beta and anti-neutrino spectra from decay of Xe-135,
metastable 526 keV state

url=liverchart+"fields=bin_beta&nuclides=135xe&rad_types=bm&metastable_seqno=1"
df=lc_pd_dataframe(url)

fig = px.scatter(df, x="bin_en”, y="dn_de")

fig.add_trace(go.Scatter(x=df[“bin_en”], y=df[“dn_de_nu"]))

fig.show
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