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Deuteron Calculations

Results independent on the model 
space size, and the HO frequency

Expand the Schrödinger equation in 
the harmonic oscillator basis and 
diagonalize



                

N3LO This Work 2.2246 1.978 0.285 4.51

Entem et al [1] 2.2246 1.978 0.285 4.51

AV18 This Work 2.2246 1.967 0.270 5.76

Wiringa et al [2] 2.2246 1.967 0.270 5.76

Deuteron Calculations

Benchmark with available literature
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Ekström et al., PRL (2013), JPG (2015), Carlsson et al., PRX (2016)

Statistical uncertainties:

Systematic uncertainties:

Single Nucleon:

Higher Order Corrections:
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Statistical uncertainties
 

N2LOsim

Statistical uncert.

Correction % Uncert.

Statistical 0.06
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Sytematic Tlab Uncertainties
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Systematic Tlab uncert.

Correction % Uncert.

Statistical 0.06

Tlab Sys. 0.2
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Tlab variation
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Tlab variation

Chiral truncation estimate

Correction % Uncert.

Chiral Trunc. 0.4

Estimate momentum scale of TPE
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N2LOsim

Chiral truncation uncertainties
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Single Nucleon Physics
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In the eta-expansion, higher order terms are very difficult 

Eta expansion uncertainty dominates in A=3 systems 

2H 3H 3He

0.4 2.0 2.0

1 1.5 1.5

Can we avoid the eta-expansion? 

Percent Uncert.

17



μ

A

η-less expansion
 

18



μ

A

η-less expansion
 

18



μ

A Insert intermediate states

η-less expansion
 

18



μ

A Insert intermediate states

η-less expansion
 

18



μ

A Insert intermediate states

Full treatment

η-less expansion
 

18



η-less expansion
 

19



η-less expansion
 

19



O. J. Hernandez, C. Ji, S. Bacca, N. Barnea in preparation.

[PLB 2014,. Proc. H.H.I 2016]

19

η-less expansion
 



20

η-less expansion
 



[meV]
η-expansion Result:
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Outlook

Uncertainty Analysis:

Reduce atomic physics uncert. 
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Outlook

Uncertainty Analysis:

Etaless Expansion 

Reduce atomic physics uncert. 

Implement transverse corrections in A=2

Apply formalism to A=3 systems

Extend formalism for HFS
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