Understanding the Deuteron Radius Discrepancy:
A systematic study of nuclear structure uncertainties
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There 1s a discrepancy between €D and uD data
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[Pohl et. al. Science, Vol 353, 6300, 2016]



orpg discrepancy between theory and experiment
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U.D. Jentschura, et al. Phys. Rev. A 83, 042505 (2011)



orpg discrepancy between theory and experiment

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

Srpp(Pachucki) =-1.717(20) meV [Pachuckiet. al, 2015]

m; 47,2
AE (25 — 2P) = 6qggp + 1o (Za)*(repda + OrpE



orpg discrepancy between theory and experiment

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

Srpe(Pachucki) =-1.717(20) meV [Pachucki et. al, 2015]

LLp + 180 -
— S7pp(Exp)=-1.7638(68) meV  [Pohl et. al. Science, 2016]

2.50

m; 47,2
AE (25 — 2P) = 6qggp + 1o (Za)*(repda + OrpE



orpg discrepancy between theory and experiment

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

Md —e— _ |
Srpp(Pachucki) =-1.717(20) meV [Pachuckiet. al, 2015]
LLp + 180 -
— S7pp(Exp)=-1.7638(68) meV  [Pohl et. al. Science, 2016]
2.50

m; 47,2
AE (25 — 2P) = 6qggp + 1o (Za)*(repda + OrpE

¥ A thorough analysis may change our ~1% uncertainty and shed light on 2.5¢
disagreement in 61pg



Road map to better assess the uncertainty
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Ekstrom et al., PRL (2013), JPG (2015), Carlsson et al., PRX (2016)
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W Propagate errors using standard techniques
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Preliminary Results
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Outlook

W Solve 2.50 discrepancy in uD to shed light on the puzzle(s)

B Develop an alternative derivation of §rpg

B Improve 1% atomic physics error estimate

M Apply (all of the above) to uHe where nuclear physics uncertainty dominates
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Previous d;pr Results
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The total Lamb shift error budget

AE(ZS - ZP) — 5QED + 51:,‘5 + 5TPE

SoED @ 228.7766 (10) meV
OFs @ -6.1103 (3) rf meV/{m"2
Srpr o 1.7096 (200) meV

~0.03 -0.02 -0.01 0.00 0.01 0.02 0.03
Absolute Error [meV]



