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Proton radius puzzle

e hydrogen (4 hydrogen
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Structure amplitudes: TPE correction
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Dispersion relation framework

27y corrections

0.02 el f 7
-o.og 3 1 I I 0 : :
it S 095 | ®F. et |8/
-0.06 g gy
-0.08 09
01 f(Z ) Q
-0.12 ) 0.8 F \\
-0.14 11 0.8 Y
analyticit | | 1IN
o | 1 yucity 0 02 04 06 0.8
i 2 4 6 8 10
Q? [GeV?)
Cross section correction exp. data/phenomenology
\/
A
2v__ [ SFW +i0)
RF(v) = —7P dv'’ tari
(v) = — /V e unitarity
\/
DR
amplitudes: real parts < »  amplitudes: imaginary parts

D. Borisyuk, A. Kobushkin (2008)



Unitarity relations. Imaginary part
S=1+4+7T L ~——> ST hi s pa

only on-shell information is required
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e and N intermediate state

on-shell one-photon amplitudes



Kinematic regions (ep)

t =—Q? GeV’
\\U:(JWJFmW)2 u=M? Q e,-'3:M2
\ : :
\ . 0.10}
\ Shaind
\
\ °
\ ! .
\ 0:05}
\ T
\
\
\ ole
3 Il \; 1 L V
0.15\, -®J0 ~(.B 05 0
\ K
\ . .
\ |
\ \ —0:05}
\ '
\
\ N !
\ =0.10¢
: .. |

\
2M + my )2 ~ 3. 5m2 -Intersection of phys. region
M+ m, - and inelastic threshold

Q7 — |

Proton intermediate state is outside physical region



Analytical continuation

/ ds? symmetric coordinates wrt electron momentum transfer
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Fixed-t dispersion relation. Real part

Under crossing VUV — —UV
two-photon exchange amplitudes

Gm(v,t), Fa(v,t) < G1(v,t),G2(v,t) are odd

1 > Fs(v,t) 1S even
g1 =0nm + W}—?’ | > good
QQ gE = ng HE behavior

Real part can be reconstructed with DRs
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Hadronic model

The one-photon exchange on-shell vertex

TH(Q?) = 1 F (Q2) +

IR divergencies

are subtracted

L.C. Maximon and J. A. Tjon (2000)
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Small momentum transfer limit (ep)

Feshbach correction - scattering correction in Dirac theory (HE)
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Hadronic model vs. dispersion relations

e Imaginary parts
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Amplitudes imaginary parts

Dipole form of Gy, Gg
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Hadronic model vs. dispersion relations

e Imaginary parts are the same

® Real parts
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Amplitudes real parts

Dipole form of G, GE
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Hadronic model vs. dispersion relations

e Imaginary parts are the same

® Real parts are the same for

all F1F1 amplitudes  all F1F2 amplitudes = Fz2F2 amplitudes

Unt: Fo 5y Ut o I Fo G- F3

Fixed-t subtracted dispersion relation works

F2F2 amplitudes Gy  F3
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Hadronic model vs. dispersion relations

e Imaginary parts are the same

® Real parts are the same for

all F1F1 amplitudes  all F1F2 amplitudes = Fz2F2 amplitudes
V

Une o B Om F2 Fs3 F2 Ou+ 7573

Fixed-t subtracted dispersion relation works

F2F2 amplitudes Gy  F3

e (Calculation based on DR This work

- for amplitudes G;, G- unsubtracted DR can be used

- for amplitude /3 subtracted DR should be used
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2y in e p elastic scattering

box diagram model calculation

\ — Al collaboration

N -—= full result
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Polarization transfer observables (ep)

Experimental points at Q* ~ 2.5GeV?

— subtracted DR prediction

e Meziane et al.
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Lp experiments estimates

TPE correction 02 ~ NG pp, RF 2, RF 3, RF 4, RF 5
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Lp experiments estimates
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— total correction
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F1F1 contribution dominates

DRs approach requires two subtraction points
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Conclusions and outlook

- Dispersion relations framework was developed

e DR for ep scattering require 1 exp. point as input

DR for yp scattering require 2 exp. points as input

- DR checked vs. hadronic model calculation (ep):

F1Fi1, FiF2: agreement Fz2F2 : on-shell model violates DR
- Theoretical estimates for elastic (ep and (/p) cross section
and polarization transfer observables were made

- Next step: inclusion of inelastic intermediate states (7N)

23



Thanks for your attention !!!
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