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Atomic Mass Evaluation & NuBase

❑ Binding energy
✓ mass models
✓ shell structure

❑ Correlations
✓ pairing
✓ p-n

❑ Reaction & decay phase space
✓ Q values
✓ reaction probabilities

❑ The limits of existence
✓ drip lines

❑ Nuclear astrophysics
✓ nucleosynthesis pathways & scenarios

❑ Fundamental symmetries

❑ Metrology post COVID-19
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Theory & Astrophysics - examples

M.R. Mumpower et al., J. Phys. G: Nucl. Part. Phys. 42, 034027 (2015)

J. Covan et al., Rev. Mod. Phys. 93 (2021) 015002

● beneficial to nucleosynthesis modeling –
basic nuclear data: m, T1/2, BR, Pn, etc. –
AME & NuBase provide complete, up-to-
date, credible & properly referenced
data

68Er

● beneficial to theory development
► models agree (to some extent) in region 

where data exist
► diverge wildly outside the recommended 

AME data



► KB - Kibble balance 
► XRCD - x-ray crystal density 

needs m(28Si) – from AME

h = 6.6260701510-34 J.s [kg.m2.s-1]
s   = const/Dn(133Cs)
m  = const1 x c/Dn(133Cs)

1889 2019

Metrology - New International System of Units

kg = const2 x h.Dn(133Cs)/c2

rel. unc. 10-8 or 10 µg

Masses from AME16

Ir-Pt

1(IPK) + 6 at BIPM 
national prototypes, 
e.g. 5 at US 

periodic verification



Historical Perspective

“Doing this job makes us see almost all aspects of the nuclear physics problems and many 
also beyond. Often, we have the privilege to be the first ones to see new phenomena.” A. Wapstra & G. Audi



coordinated by G. Audi (AME & NuBase)

coordinated by M. Wang (AME) and G. Audi (NuBase)

Kuwait 2013

Orsay 2016



AME2020 & NUBASE2020 – just published

coordinated by M. Wang (AME) and F.G. Kondev (NuBase)

since March 5, 2021
28000 downloads!



JAVA-AME
J. Chen  

NUBASE2020
Marco Varpelli

JANIS 
NUBASE1997-2020
Nicolas Soppera

https://www-nds.iaea.org/amdc/
https://www.anl.gov/phy/atomic-mass-data-resources

http://amdc.impcas.ac.cn
(IAEA)
(IMP)

(ANL)

Where to find the data

Incorporated into LiveChart
& standalone app 

pdf & ascii:

stand-alone & www



Experimental (Input) Data - compilation

A

a

B

b

Qr = MA + Ma – Mb - MB

Qd = MP - MD – mp(α)



…just a few examples … 

● 13812 experimental data, but 
not all made it to the final 
adjustments, for example: 
► 6023 (U – less weight)
► 997 (o – old data from the 

same group)

● statistical analysis of data of the 
same kind

● reject some experimental results 
& replace with systematics – 78
cases

● take into account isomers
● adjust uncertainties in the mass 

spectrometry data

Adjustments to the Input Data

least-squares fit approach
● 2201 primary data determine the 

masses of 1304 nuclides
► 1135 reactions & decays
► 1066 mass spectrometry



Penning Trap measurements are NOT absolute!

known mass of the reference nuclide (molecule)

unknown mass frequency ratio

Penning Trap input data - example 

in AME we compile the frequency ratios and use the latest data (both AME & atomic) 
for the reference nuclide (molecule) to determine the mass of the nuclide of interest



original publication …

erratum …



AME2020 vs AME2016

● 777 new experimental data
► 477 mass spectrometry  
► 300 decay energies 

● masses for 74 nuclei measured for the first 
time

● significant impact at the n and p-rich sides
● impact in the region of heavy nuclei

● improved mass uncertainties for 857 nuclides
● worsen mass uncertainty for 313 nuclei –

mostly derived from TMS (extrapolation), but 
some are for measured masses – e.g. 167Lu 
(30 vs 37 keV) 



phase-imaging ion-cyclotron-resonance (PI-ICR) technique • faster measurements - nuclei with shorter lifetimes
• improved sensitivity & accuracy - resolving isomers 

93.0 (12) keV
160.2 (24) keV

R = m/Δm ~ 20,000,000



TOF-ICR

15.0 (5) s from β-γ (time)
D.J. Hartley et al., PRL120 (2018)



Q(e) for 99Rh in keV
2043(7) AME12
2044(7) AME16
2041(19)      AME20

2059.6(0.1) ENSDF

Q(b+) for 99Rh in keV
2038(10)    52Sc11
2053(10)    59To25
2170(30)    74An23

Q(b+) for 99Pd in keV
3410(20)     69Ph01

ME(100Ru)=-89227.4(0.3) 

Eg (n,g)=9673.324(0.026) keV
ME(99Ru)=-87625.4(0.3) keV 

ME(99Pd)=-82183(5) keV 

Jy 09El08

Jy 08Ra09
2059.6 keV

Issues – Q(b+) for 99Rh

99Rh Jπ=1/2-
Jπ=9/2+

What would be useful to have
• Penning trap measurement of 99Rh
• decay spectroscopy data to solve the ordering 

of the  low & high-spin decaying states

M.E.Phelps & D.G.Sarantites,  Nucl.Phys. A135, 116 (1969) N.M. Antonev et al., Bull. Acad. Sci. USSR, 38, 61 (1974)



Connection to Nuclear Structure

132Sb and 132mSb

J. Van Schelt et al., PRL111 (2013) 061102 



What is NuBase?
● masses (Ex) for isomers (T1/2>100 

ns) and their method of deduction 
– integral part of AME

● T1/2, Jπ, decay modes and BR for 
both ground states (3558) and 
isomers (1983)

● properties of 205 Isobar Analog 
States (IAS) 

Why NuBase?
● complete - include all measured quantities and their uncertainties
● up-to-date - include results from all recent publications
● credible and reliable - identify and resolve contradictory results that exist in the 

scientific literature, as well as in other nuclear physics databases, e.g. ENSDF
● properly referenced - provide comprehensive bibliographical information for all 

included properties.



How is NuBase updated?
● directly from the literature by compiling and 

evaluating data published in primary and 
secondary references

● by consulting, and when merited by adopting, 
recommendations made in topical evaluations

● by consulting, and when merited by adopting, 
recommendations made in ENSDF

3558 ground states: 256 not in ENSDF
1983 isomers: 241 not in ENSDF

ENSDF is a treasure to the NP community 
● becoming increasingly outdated
● non-uniform in coverage & subjectivity



NUBASE ENSDFA=179 decay chain
2009

2004

2018

2000

2010

2012

2019

● recommended values for the basic 
NP properties for ground states 
and isomers (T1/2>100 ns)  
► m, Ex,T1/2, Jπ, BR

● resolve isomers
► excitation energies
► lifetimes, e.g. 175Au & 179Tl
► ordering – e.g. 155Tm

● consistent Jπ assignment
► shape changes



I

Deformed nuclei 
K-isomers (high-J)
Spin-traps Isomers (odd-odd)

Spherical Nuclei
Spin-trap Isomers (high-J)
Seniority Isomers

● Excitation energy (Ex) & T1/2
►Ex=160#(40#) keV in NuBase, 

but +X(+Y, …) in ENSDF
►T1/2 - “#” from systematics –

Trend in Neighboring Nuclei 
(TNN) - e.g.T1/2(233Thm)=2# s –
from the known BE3 for 235Um -
the same configuration change

● not clear which state is the ground 
state or the isomer
► ‘*’ in col [59:59] – DEx>Ex/2
► ‘&’ in col [60:60]

● previous assignments in doubt
► EU in col [61:62] – 11 cases, 

e.g. 138Pmm (10 s) – gs in ENSDF
►RN in col [61:62] – 9 cases, e.g.

181Pbm

● uncertainties are symmetrized –
X(+DX1-DX2) to Y(DY)

Isomers

1983 isomers with T1/2 > 100 ns



Directly measured spins
ENSDF: Jπ=(1/2-)

● weak experimental  arguments
● systematics or theory

NuBase: Jπ=(1/2-)
● weak experimental arguments

NuBase: Jπ=1/2-#
● systematics or theory

NuBase: Jπ=1/2-*
● directly measured spins – a wealth 

of new information using “in-source” 
(e.g. RILS at ISOLDE and TRILIS at 
TRIUMF) and “collinear” (e.g. CRIS 
at ISOLDE) laser spectroscopy

● parity from other spectroscopic data

827 ground states

235 isomers



ENSDF: EC=β+ + ε
%α=60; %EC=40%

● often not clear which one was 
measured

● systematics or theory

NuBase: β+=e+ + ε
● %α=60; %β+=40
● %α=60; %β+= ? 
● %α=60; %β+ ? 

Decay branching ratios

complete, up-to-date & reliable 
information about the beta-delayed 
emission probabilities 



Conclusions & Outlook

● the new AME & NuBase evaluations have been just released – complete, up-to-
date & reliable information about the basic NP properties 

https://www-nds.iaea.org/amdc/
https://www.anl.gov/phy/atomic-mass-data-resources

http://amdc.impcas.ac.cn(IAEA) (IMP)
(ANL)

● extension to other NP properties – magnetic & quadrupole moments, charge radii & 
isotope shifts, cross sections needed for astrophysics simulations & other properties 
needed to various applications

● improving treatment of data correlations & extrapolations 

● if you spot a typo or error or if something is not clear please let us know:
kondev@anl.gov (F.G. Kondev) and/or wangm@impcas.ac.cn (M. Wang)

future additions & improvements

mailto:kondev@anl.gov
mailto:wangm@impcas.ac.cn

