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Proton radius puzzle
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Experimental status
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Structure amplitudes. TPE correction
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Leading contribution to cross section - interference term

1 photon diagram 2 photon exchange diagram
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Dispersion relation framework
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amplitudes: real parts
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amplitudes: imaginary parts



Fixed-t dispersion relations
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Unitarity relation gives imaginary part
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only on-shell information is required
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e and N intermediate state

on-shell one-photon amplitudes



Kinematic regions
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Analytical continuation

d! symmetric coordinates wrt electron momentum transfer
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Models with exact results

The one-photon exchangeon-shell vertex is described by

18(Q%) = 1HF1(Q%) + - ¥ F,(QY)

2M

Point-like couplings Fi=1 For= ]

Ge =F1! 1k, Gy = F1+F

Vv

Dipole FFs for Gy , Ge

AM 2 11



Amplitudes imaginary parts

Dipole form of Gy , G

! Gm " |
. ¥ X X S F2 ; : I "
005 0IC 05, 0% B @3 s, 005 2 0.007 005 7 020 2026 Z08Cais o
X
* 7 #0.007 : ik KX
~0.008 ot : : kkkkkkk
* : #0.002 K X
) : 5 | F5
* : #0.002 X :
I : + unitarity A I .
~0.01% - C':l\/l : #0.002 3 :
1 X looptools ' [ v X :
~0.02C #0.003 :
X 1 >
| Fy : X :
K D05 010 D5 0 005 00
#0.002}
: | F F,F, structure
#0.0041 : - 3
#0.006} : > 5
0 : Q- =0.1GeV
#0.008} : ;
: ! lon = 0.15 GeV
#0.010} : i
K : KX
#0012} K : ) kK
K i s X 12




Amplitudes real parts
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Dispersion relation tests

Fixed-t unsubtracted dispersion relation

all structure amplitudes

UV finite structure amplitudes
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Comparison with experiment
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Comparison with experiment

box diagram model calculation subtracted DR (full model)
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Small momentum transfer limit

Feshbach correction - scattering correction in Dirac theory (HE)
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Plans

- Apply dispersion formalism with proton intermediate state

to unpolarized cross section data

- Extend dispersion formalism to inelastic intermediate states

- Compare with EFT expansionat small non-zero momentum transfer of

the box diagram (relevant for proton radius extraction)
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Thanks for your attention !!!
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