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Atomic Mass Evaluation & NuBase

• Binding energies 
‣ mass models 
‣ shell structure

• Correlations 
‣ pairing 
‣ p-n

• Reaction & decay phase space 
‣ Q values 
‣ decay & reaction probabilities 

➡ critical to both ENSDF & ENDF

• The limits of existence 
‣ drip lines 
‣ specific configurations and 

topologies

• widely used in astrophysics modeling   
• important to applications - nuclear 

energy,  stockpile stewardship, nuclear 
material certification & others 

• beneficial to Nuclear Theory development  



AME2016 & NUBASE2016

•  led by M. Wang (AME) and G. Audi (NuBase)

widely used by broader community & highly cited



AME2020 & NUBASE2020

•  led by M. Wang (AME) and F.G. Kondev (NuBase)
new AME2020 & NUBASE2020 are near completion

❑ the new tables will be published in March 2021   
• include all recently published data 
• fixed known issues in the 2016 tables - 

typos, errors, etc. 



Implications for ENSDF



Experimental Data used in AME

❑  Indirect methods - reaction and decay 
energies 
‣ Reaction Energies  
•(n,γ) and (p,γ) are the backbone  
•self-calibrated - A(a,b)B vs. C(a,b)D 
•close to stability  

‣ Decay Energies in β−,β+, α and p decays 
•far from stability – α  and p (heavy or proton-
rich nuclei) & Qβ− neutron-rich nuclei   

❑  Direct methods - mass spectrometry  
• TOF & MR-TOF (very fast BUT low precision & 

resolution)  
• Storage Rings (fast & many nuclei at once)   
• Penning Traps (relatively “slow” BUT high 

precision and high resolution)
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Qr = MA + Ma – Mb - MB

Qd = MPD - MD – mp(α)



Implications for ENSDF

❑ A-chain (β−decay chain) vs α−decay chain



NUBASE 

‣ up-to-date data on basic NP 
properties for ground states 
and isomers (T1/2>100 ns)  
•m, Ex, T1/2, Jπ, BR  

‣ resolve isomers 
•excitation energies 
•ordering- e.g. 155Tm 

‣ consistent Jπ assignments 

•shape changes  
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‣ update Q values in ENSDF 
(Adopted Levels) - for all A 
chains - simultaneously 
‣ develop tools to easily 

follow & modify α-decaying 
chains 



Penning Trap measurements are NOT absolute!

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

• in case of multiple data - use the least-squares approach 

known mass of the reference nuclide (molecule)

unknown mass frequency ratio

Visit the first AME paper where the individual results are compiled



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



ME(gs) =-58723.9 (15) 
ME(is)  =-58563.9 (19)

ME(JYFL) =-58658 (4)

TOF-ICR

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



• experimental masses for 1/4 of the Chart of Nuclei rely on α-decay data -
measured by means of magnetic spectrographs or/and Si detectors 

• most of these measurements are relative to standard values that may 
change over time - standards: values recommended by A. Rytz 
(1973,1979 &1991) that are adopted by the AME collaboration 

• recently, direct measurements using Penning Traps (high resolution & 
high precision) & MR-TOF (fast, but low precision) are performed - 
provide new anchor points in the region of very heavy nuclei

Science 337(2012) 1207 
Nature 463 (2010) 785 
PRL 120 (2018) 152501

Experimental Approaches 
• magnetic spectrometers 
✓relative 
✓absolute (BIPM, Paris) 

• Si detectors 
✓Si(Au) 
✓PIPS 
✓DSSD (direct implantation) 

• bolometers & micro-calorimeters 
• SHIPTRAP@GSI & TRIGATRAP@Mainz 
• MR-TOF@RIKEN

Masses of the very Heavy Nuclei



ΔME(TT)-ΔME(AME12)=8.5(25) keV

more than 3σ!

AME12

AME12
AME12

impact 84 nuclides!

METT(249Cf ) − METT(241Am) = Qα(249Cf ) + Qα(245Cm) + Qβ(241Pu) + 2 × mα

TRIGA-TRAP@Mainz: measured masses of 241,243Am, 244Pu & 249Cf

possible source of discrepancy - α-decay energies of 245Cm and 249Cf?



What might went wrong? 
• Qβ value for 241Pu - 4 independent & 

consistent (within 1 keV) values - 
Qβ(AME16)=20.78(17) keV, BUT 
Qβ=18.2(27) keV from ME(241Am), 
ME(237U) and Qα(241Pu) - ΔM(TT)-
ΔM(ANL)=5.3(33) keV, e.g. less than 2σ 

• TRIGA TRAP data for 249Cf - unlikely? - 
good consistency (within 1 keV) for 
241,243Am and 244Pu, BUT need to be 
confirmed? 

• issues with the Rytz recommended 
(absolute) Eα values - this could have a 
huge impact since we must reconsider all 
α-decay energies in the Nuclear Chart?

Outlook  
• (short term) new measurement program at ANL (CPT group) to directly test Ritz absolute 

Eα using a 228Th source - a chain of α emitters, e.g. 228Th, 224Ra, 220Rn, 216Po (G. Savard’s 
group at ANL) 

• (long term) continuation of the Ritz evaluation work is urgently needed - incorporation of 
the new measurements using Si detectors (PIPS & DSSD), Penning Traps & MR-TOF - area of 
interest to ANL ND  & collaborations are welcome

ME=69718.1 (13) keV

ΔM(TT)-ΔM(ANL)=7.8(23) keV
still more than 3σ!

Qβ=20.78 (17) keV 
AME16

present: Qα=5624.7(5) keV

1991Rytz: Qα=6294.9(11) keV

ME=52936.9 (18) keV

present: Qα=6293.7(5) keV

1991Rytz: Qα=5620.9(5) keV

249Cf-241Am mass anomaly - cont.
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