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There is a discrepancy between eD and μD data      

[Pohl et. al. Science, Vol 353, 6300, 2016]



𝛿𝑇𝑃𝐸 discrepancy between theory and experiment
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𝛿𝑇𝑃𝐸 discrepancy between theory and experiment

𝛿𝑇𝑃𝐸(𝑂𝑢𝑟 𝑊𝑜𝑟𝑘)= -1.727(20) meV

𝛿𝑇𝑃𝐸 𝑃𝑎𝑐ℎ𝑢𝑐𝑘𝑖 = -1.717(20) meV 

[Hernandez et. al, 2014]

[Pachucki et. al, 2015]
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𝛿𝑇𝑃𝐸 discrepancy between theory and experiment

2.5σ
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𝛿𝑇𝑃𝐸(𝑂𝑢𝑟 𝑊𝑜𝑟𝑘)= -1.727(20) meV [Hernandez et. al, 2014]

[Pachucki et. al, 2015]

𝛿𝑇𝑃𝐸(𝐸𝑥𝑝)= -1.7638(68) meV [Pohl et. al. Science, 2016]

𝛿𝑇𝑃𝐸 𝑃𝑎𝑐ℎ𝑢𝑐𝑘𝑖 = -1.717(20) meV 



𝛿𝑇𝑃𝐸 discrepancy between theory and experiment

2.5σ
𝛿𝑇𝑃𝐸(𝐸𝑥𝑝)= -1.7638(68) meV

𝛿𝑇𝑃𝐸(𝑂𝑢𝑟 𝑊𝑜𝑟𝑘)= -1.727(20) meV

A thorough analysis may change our ~1% uncertainty and shed light on 2.5σ

disagreement in 𝛿𝑇𝑃𝐸

[Pohl et. al. Science, 2016]

[Hernandez et. al, 2014]

[Pachucki et. al, 2015]
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Road map to better assess the uncertainty

LO

NLO ...

N2LO ...

𝑉𝑁𝑁

Use N2LO potentials fit simulatenously to NN
and 𝜋𝑁 data

Ekström et al., PRL (2013), JPG (2015), Carlsson et al., PRX (2016)

𝐴 (𝑇𝐿𝑎𝑏 , Λ, c𝜈)



Road map to better assess the uncertainty

Use N2LO potentials fit simulatenously to NN
and 𝜋𝑁 data

𝐴 (𝑇𝐿𝑎𝑏 , Λ, c𝜈)

Propagate errors using standard techniques 

𝐶𝑜𝑣 𝐴, 𝐵 = 𝐽𝐴
𝑇𝐶𝑜𝑣 c𝜈 𝐽𝐵𝐽𝐴

𝑇 =
𝜕𝐴

𝜕𝑐𝜈
,

𝜎𝐴 = 𝐶𝑜𝑣(𝐴, 𝐴)

LO

NLO ...

N2LO ...

𝑉𝑁𝑁

Ekström et al., PRL (2013), JPG (2015), Carlsson et al., PRX (2016)
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Preliminary Results

𝑁𝑘𝐿𝑂𝐸𝐺𝑀 2005 Cut-off variation



Preliminary Results

𝑁𝑘𝐿𝑂𝑠𝑖𝑚 Uncertainty Bands

𝑁𝑘𝐿𝑂𝐸𝐺𝑀 2005 Cut-off variation

𝑁𝑘𝐿𝑂𝐸𝐺𝑀(2015) Cut-off variation



Outlook

Improve 1% atomic physics error estimate

Solve 2.5𝜎 discrepancy in 𝜇D to shed light on the puzzle(s)

Develop an alternative derivation of 𝛿𝑇𝑃𝐸

Apply (all of the above) to 𝜇He where nuclear physics uncertainty dominates



Thank you!



Previous 𝛿𝑇𝑃𝐸 Results

[Hernandez et. al, PLB, 2014]

𝑁𝑘𝐿𝑂𝐸𝐺𝑀 2005 Cut-off variation

Error [%]

Nuclear Potential (1σ) 0.5 

ChPT Convergence 0.3

Atomic Physics 1

Total 1.16

Experiment



228.7766 (10) meV

-6.1103 (3) 𝑟𝑑
2 meV/fm^2

1.7096 (200)  meV

𝛿𝑄𝐸𝐷

𝛿𝐹𝑆

𝛿𝑇𝑃𝐸

The total Lamb shift error budget

Δ𝐸 2𝑆 − 2𝑃 = 𝛿𝑄𝐸𝐷 + 𝛿𝐹𝑆 + 𝛿𝑇𝑃𝐸


