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Atomic Mass

Mass −→ Binding energy −→ Interaction

- Nuclear physics : shells, shapes, pairing, nuclear models . . .
- Nuclear astrophysics : r,rp,νp-process
- Atomic physics : QED
- Metrology : Fundamental constants
- . . .

Why “Atomic” mass?
- Most measurements give the mass of the atom or of the single charged ion.

- Easy to derive Q-value. . .
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Mass Measurements

Indirect methods: Energy
I Reaction Energies A(a, b)B: Qr = MA +Ma −Mb −MB

F (n, γ) and (p, γ) help building the backbone
F close to stability

I Decay Energies: α, β, p decays
F far from stability

Direct Methods: Time of flight or frequency

I TOF (MSU, GANIL)
I Penning Traps (ISOLDE, TRIUMF, . . . ) also for the backbone
I Storage Rings (GSI, IMP)
I Multi-Reflection Time-of-flight mass spectromer (ISOLDE, GSI,

RIKEN)
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60 years of mass evaluation

In the early 1950’s, it was found that many relations (direct and
indirect) overdetermined the mass value of many nuclides.
e.g.

Aaldert H. Wapstra established a procedure using the
least-squares method to solve the problem of overdetermination.

I Best values for the atomic masses and their associated uncertainties.
I AME1955, AME1961, AME1964, AME1971, AME1977, AME1983,

AME1993, AME2003, AME2012, AME2016.
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Input data for AME

AME ESR-CSRe data

Reaction Energies (eV)
I (p,n), (n,γ)

Desintegration Energies (eV)
I β-decay(β−, β+)
I α-decay(α)

Mass Spectrometry (u)
I Penning trap: Frequency ratios between two ions (relatively simple).
I ESR-CSRe: Frequency correlations between all known and unknown (complex).
I MR-TOF.
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Data Connections–Schematic
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Connections plot with primary, secondary and unconnected items.

primary : A, B, C, D ⇒ used in LSM

secondary : E, F, G ⇒ deduced from primaries

unconnected : H, I ⇒ systematic #
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Data Connections–Real
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Treatment of Data–LSM-1

Q equations to N parameters (Q > N)

N∑
j=1

kijmj = qi ± dqi i = 1, . . . , Q ⇒ K |m〉 = |q〉

Simple construction

tKWK |m〉 = tKW |q〉
A |m〉 = tKW |q〉

A: normal matrix, W : error matrix ωi = 1/(dqidqi)

Parameters–Masses

|m̄〉 = A−1tKW |q〉 ⇒ |m̄〉 = R |q〉
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Treatment of Data–LSM-2

Flow-of-information matrix

F = tR⊗K

G. Audi et al, NIMA 249 (1986) 443

The(i, j) element of F represents the influence of datum i on mass
mj

A column of F represents all the contributions brought by all data
to a given mass mj

A row of F represents the influences given by a single piece of data
to each nuclide, their sum is the significance of the data

Adjusted input data

|q̄〉 = KR |q〉
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Covariance Matrix

Variance and Covariance (in nano-amu**2)

n H D 4He 13C 14N 15N 16O 28Si
0.24139
-0.00617 0.00879
0.01218 0.00262 0.01480
0.00000 0.00000 0.00000 0.00401
0.00469 -0.00620 -0.00151 0.00000 0.05315
-0.00130 0.00236 0.00106 0.00000 0.03908 0.04299
-0.00118 0.01397 0.01279 0.00000 -0.00323 0.00942 0.41639
-0.00084 0.00231 0.00147 0.00000 0.01184 0.01429 0.00705 0.03007
-0.00509 0.00950 0.00442 0.00000 0.04140 0.04353 0.05130 0.02433 0.27456

Covariance matrix provided to Codata group as requested

The covariance matrix is available on AMDC website
http://amdc.impcas.ac.cn/
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Input files
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AME2016
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AME2016
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Some numbers of AME2016

Typical Size

13035 experimental data
5663 ‘U’, 844 ‘O’, 853 not accepted (‘B’, ‘C’, ‘D’ and ‘F’)

5675 valid input, compressed to 3884 in the pre-average procedure

I 2023 primary data (Q)
I 1207 primary nuclide (N)

Least-squares procedure

Total χ = 825 (expected 816± 20 )

3923 masses (96 more)

2497 experimental G.S + 12C (59 more)

369 experimental ISO (23 more)

938 systematical G.S (23 more)

119 systematical ISO (9 less)
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Summarise

- Credible and reliable–identifies and resolves contradictory results,
not just compiles.

- Complete–includes all measured quantities and their uncertainties.

- up to date–results from most recent publications are included.
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International cooperation

Collaborators
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