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Different methods to determine 
the proton charge radius (2010) 

 Spectroscopy of 
hydrogen (and 
deuterium) 
 

 The Lamb shift in 
muonic hydrogen 

 
Spectroscopy produces a 

model-independent 
result, but involves a 
lot of theory and/or a 
bit of modeling. 

 Electron-proton 
scattering 
 

Studies of scattering need 
theory of radiative 
corrections, estimation 
of two-photon effects; 
the result is to depend 
on model applied to 
extrapolate to zero 
momentum transfer. 
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The Lamb shift in muonic 
hydrogen: experiment 
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Theory of H and µH: 

 Rigorous 
 Ab initio 
 Complicated 
 Very accurate 
 Partly not cross 

checked 
 Needs no higher-

order proton 
structure 
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Spectroscopy of H and µH: 

 Many transitions in 
different labs. 

 One lab dominates. 
 Correlated. 
 Metrology involved. 
 The discrepancy is 

much below the line 
width. 

 Sensitive to various 
systematic effects. 

 One experiment 
 A correlated 

measurement on µD 
 No real metrology 
 Discrepancy is of few 

line widths. 
 Not sensitive to 

many perturbations. 



H vs µH: 

 µH: much more sensitive to the Rp 
term:  
 less accuracy in theory and 

experiment is required; 
 easier for estimation of systematic 

effects etc. 
 H experiment: easy to see a signal, 

hard to interpret. 
 µH experiment: hard to see a signal, 

easy to interpret.  



Proton radius puzzle 

Big puzzle: 
 What value is 

better? 

 Plausible answer: 

from µ H  

Small puzzle: 
 How to get an 

acurate value of 
Rp? 

 The higher-order 
finite-size terms 
are needed. 

 They involve 
scattering data or 
models. 



Example: radiative finite-size 
corrections 
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Medium Z muonic atoms: 
µVP 

 
Limit of 
electronic 
atoms: 
mRN<<1 
 
Muonic H: 
mRN = 0.4 



Medium Z muonic atoms: 
SE 

  



Muonic hydrogen: method 

We use fits: 
 momentum space 
 over all area of q 
 realistic low q 
 realistic high q 
 as different as 

possible 

 



Muonic hydrogen: results 

  



Asymptotics at mRN >> 1 

Self energy Muonic vacuum 
polarization 
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