
Atomic�Mass�Evaluation
and�NUBASE

AME�collaboration

April�2015,�NSDD



0

2000

4000

6000

8000
Ame2012
Ame2003

Comparison of uncertainties

σ03/σ12



0

2000

4000

6000

8000
Ame2012
Ame2003

225 new masses

Comparison of uncertainties

σ03/σ12



1. An Ion Balance for Ultra‐High‐Precision Atomic Mass Measurements, 
S.Rainville, J.K.Thompson, D.E.Pritchard, Science 303, 334 (2004)

2. Cyclotron frequency shifts arising from polarization forces, 
J.K.Thompson, S.Rainville, D.E.Pritchard, Nature(London) 430, 58 (2004)

3. A direct test of E=mc2, S.Rainville, et al., Nature(London) 438, 1096 (2005)

4. Direct mass measurements above uranium bridge the gap to the island 
of stability, M.Block et al., Nature(London) 463, 785 (2010) 

5. Direct mapping of nuclear shell effects in the heaviest elements, E. 
Minaya Ramirez et al., Science 337 (6099), 1207‐1210 (2012). 

6. Masses of exotic calcium isotopes pin down nuclear forces, F.Wienholtz
et al., Nature(London) 498, 346 (2013)

Fashions of mass measurements: 
Publications in Nature/Science

Two�frontiers：accuracy,�exoticism



13809 input equations in AME12
5275mass spectrometry
8534 reactions & decays

3711Masses 
2416 known ground state
232 known isomers
1063 extrapolated

Accuracy of mass values 



Atomic Mass 3H and 3He—Using HD+ as a mass reference 

W.J.HUANG

Unc.= 0.2 eV



Detailed calculation for mass HD



Strategy to treat Molecule

• Molecule binding energy calculated from the standard heat of 
formation of the species.

• ௢ܦ ௜ܥ௞ܤ௡ܣ = ܪ∆݊ ଴݂௢ ܣ + ܪ∆݇ ଴݂௢ ܤ + ܪ∆݅ ଴݂௢ ܥ − ܪ∆ ଴݂௢(ܣ௡ܤ௞ܥ௜)
• Where ∆ܪ ଴݂௢ is the standard-state heat of formation, extracted from

http://webbook.nist.gov/chemistry/

• Molecule ionization energy extracted from
http://physics.nist.gov/PhysRefData/ASD/ionEnergy.html
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Exotic�nuclides



New�nuclides�

Z.Y. Xu et al., PRL 113, 032505 (2014)



Multi-reflection time-of-flight mass      
spectrometer/separator(MR-TOF MS)

2013Wienholtz etTime of  flight  t=α(ࢗ࢓ )૚/૛+β݉ଵ/ଶ = ைி∆ோ௘௙்ܥ + 12 ∑ோ௘௙்ܥைி = ݐ2) − ଵݐ − ଵݐ)ଶ)/2ݐ − =ଶ)∆ோ௘௙ݐ ݉ଵଵ/ଶ − ݉ଶଵ/ଶ∑ோ௘௙ = ݉ଵଵ/ଶ + ݉ଶଵ/ଶ
Ctof Program
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Ex, J, T1/2& decay modes

both ground state & Isomers 
(T1/2>100ns)

Independently evaluated data
 complete 
up‐to‐date 
 credible & reliable
properly referenced

NUBASE2012



L. Chen et al., PRL 110, 122501 (2013)

NUBASE2012 Evaluation of Nuclear Properties, Nuclear Data Sheets 120 (2014) 6–7

Ex from mass determination
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