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The growing proton radius puzzle
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There 1s a discrepancy between eD and uD data
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e A thorough analysis may shed light on difference

and the deuteron puzzle 3
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The two-photon exchange
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The evaluation of the nuclear polarizabilty
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The evaluation of the nuclear polarizabilty
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The expansion of the matrix element

e Expand the matrix element in terms of scale parameter
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The expansion of the matrix element
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The expansion of the matrix element

e Sub-sub leading terms are given by
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The expansion of the matrix element

e Sub-sub leading terms are given by
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Finite size corrections
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Finite size corrections
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Additional corrections
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Additional corrections
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e Addition of coulomb distortion term
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Results for uD
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Results for uD
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Statistical uncertainties

® Propagate uncertainty using standard
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Correlation analysis
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Correlation analysis
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Statistical uncertainties
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Statistical uncertainties
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Sytematic Tlab uncertainties
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Chiral truncation uncertainties
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Chiral truncation uncertainties
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Chiral truncation uncertainties
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Chiral truncation uncertainties
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Chiral truncation uncertainties
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n-expansion uncertainty
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n-expansion uncertainty
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n-expansion uncertainty
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n-expansion uncertainty
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n-expansion uncertainty
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n-less expansion: Integrated response functions
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n-less expansion: Results
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n-less expansion: Results
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n-less expansion: Results
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Additional uncertainties

Two body currents + relativistic corr.
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Additional uncertainties

Two body currents + relativistic corr.
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Uncertainty comparisons
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Final uncertainty budget

Nuclear Phys ‘_ +0.008

(Syst.)

Nuclear Phys [} +0.001
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Total uncert. +0.28
0 0.01 0.02 0.03

meV 21



Summary

Krauth et. al. 2016
drpr(Krauth et al.) = —1.710(20) meV

Carlson et. al. 2016
drpe(Carlsonetal.) = —2.01(74) meV

Previous Value [2014,2016] Prev. Value
drpp(Prev Work) = —1.718(22) meV °

Krauth et. al
. 4

Exp

Experimental ~1.78 ~1.76 ~1.74 ~1.72 ~1.70 ~1.68

O1pe [MeV]
(5TPE(E£Ep) = —1.7638(68) meV
22



Summary

Krauth et. al. 2016

New Values
drpr(Krauth et al.) = —1.710(20) meV i
Carlson et. al. 2016
drpe(Carlsonetal.) = —2.01(74) meV
Previous Value [2014,2016] Prev. Value
drpp(Prev Work) = —1.718(22) meV °
Krauth et. al &

New values [2018]

22
5TPE = —1.7151_24 meV Exp.
5TPE — tgg meV

i ~1.78 ~1.76 ~1.74 ~1.72 ~1.70 ~1.68

Experimental e o

drpe(Fxp) = —1.7638(68) meV
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Summary

Krauth et. al. [2016]
drpr(Krauth et al.) = —1.710(20) meV

Carlson et. al. 2016
drpe(Carlsonetal.) = —2.01(74) meV

Previous Value [2014,2016]
drpp(Prev Work) = —1.718(22) meV

New values+3PE (Pachucki) 12018

Srpr = —1.72471% meV
5TPE — J_rgg meV

Experimental
drpe(Fxp) = —1.7638(68) meV

Exp

New Values

New Values + 3PE

Pachucki et. al 2018]

Prev. Va

ue

Krauth et. al
. 4

-1.76 -1.74 -1.72 -1.70

O7pe [M

eV]

—1.68

22



Outlook

Results:

e EXxperimental vs theory difference improved by
thorough analysis of nuclear TPE uncertainty.

® Uncertainty in TPE cannot solve the 5.6 ¢ discrepancy.

23



Outlook

Results: _ _ _
e EXxperimental vs theory difference improved by

thorough analysis of nuclear TPE uncertainty.

® Uncertainty in TPE cannot solve the 5.6 ¢ discrepancy.

Uncertainty Analysis:

e Reduce atomic physics uncert. O(a®)

Correction pH M3H M3He M4He
5A Higher (Za) 0.7 0.7 1.5 1.5
ol
P n Exp. 0.3 0.9 0.3 0.2

Etaless Expansion:
e Apply formalism to A=3 systems

e FExtend formalism for HFS 23
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