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BE ccliromagetic

* Encodes the response of the nucleon under electromagnetic probes.
* Related to the “Proton Radius Puzzle'
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* Higher order calculations become necessary ——a Unpractical
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Form factors and their analytic structure
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Form factors and their analytic structure
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DIXEFT

From unrtarity + analyticity
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* [o compute the EM form factors of proton and neutron, we need
the 1soscalar component as well.
* One cannot apply the same approach as in the isovector case.

* We parametrize the isoscalar spectral function through the w
exchange In the narrow with approximation + higher mass poles.
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T 77 = gy = I S 1S £5) = M2 = 1.04 GeV?
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* We fix the couplings following the same method that we used In the isovector case:
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* Reconstructing the form factors with a&n,(2) = = / i
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e Common polynomial fits have a small convergence radius.
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* We used ep scattering data (subtracting T PE contributions) to
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* [he results for the form factors can be used to estimate the cross
sections measured at MUSE.

do1y ma®  (e/Tp) G + Gy do doiy i Qe — @ Qe — @+ (417 + @)
— =~ 1 —|— (S — 2 2 e = 2 €= 82
a2 T BEKE  1-e 7P g A= T e S IV
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* [he results for the form factors can be used to estimate the cross
sections measured at MUSE.

do1y ma®  (e/Tp) G + Gy do doiy i Qe — @ Qe — @+ (417 + @)
— =~ 1 —|— (S — 2 2 e = 2 €= 82
a2 T BEKE  1-e 7P g A= T e S IV

® Oy taken from [o.Tomalak and M.Vanderhaeghen, Eur. Phys. . C 76, 125 (2016)]
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* [he results for the form factors can be used to estimate the cross

sections measured at MUSE.
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— N2 2 er = 3 €=
= Q7/(4M”) R I PN

* Oyy taken from [o.Tomalak and M.Vanderhaeghen, Eur. Phys. . C 76, 125 (2016)]
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[F. Gil-Dominguez, |. M. Alarcén and C. Weiss, Phys. Rev. D 108 (2023)]

EM Form Factors of the nucleon in DIXEFT



1.0

0.6 0.6
Proton, S¥Y = +1/2 Neutron, SY= +1/2
2 0.4
0.5
— 3 3 &
E E £ £
3 2 3 =)
1+ "
-~ -~
—-0.5
—0.4 -
-0.6 " " T ! ! 0 -0.6 T T T T T —-1.0
—-0.6 —-0.4 —-0.2 0.0 0.2 0.4 0.6 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6
b* [fm] b* [fm]

(JT (b)) = (...) [p1(b) + (25¥) cos ¢ pa2(D)]
[]. M. Alarcén and C. Weiss, PRD 106 (2022]
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* [hrough unitarity, it is possible to find a representation surted for

ChEFT —m Predictions of the Nucleon Form factors.

* [he results iImprove previous ChEFT calculations.
* Results used to understand "Proton Radius Puzzle”

CODATA'06 (2008) ' i e

Pohl (2010) ii-
Zhan (2011) " H—e—H

om0 o) — [J. C. Bernauer, EPJ Web Conf.

Antognini (2013) L
Beyer (2017) —
Fleurbaey (2018) | - : 2 34 (2 OZ O)]
Sick (2018) —_———
Mihovilovi¢ (2019)
Alarcon (2019) e
Bezignov (2019) |—.—u-|
Xiong (2019) L

Tl AT | | ]
0.8 0.82 0.84 0.86 0.88 0.9
rp [fm]

Bricdictions for MUSE.
* New promising method to compute nucleon matrix elements from

first principles (EM tensor, D-term, extension to G-parity odd, ...).
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[Druzhinin, Eidelman, Serednyakov and Solodoy, Rev. Mod. Phys. 83 (201 1), 1545]
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[|. M. Alarcon, C. Weiss, arXiv:1 803.09/48]

— Belushkinetal.[ ]|
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B NLO+pN2LO

— Belushkinetal.[ [ ] !
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[ 1] Belushkin, Hammer and Meilner, PRC 75 (2007) [Z2] Hoferichter, Kubis, Ruiz de Elvira, Hammer, Meifiner EPJA 52 (2016)

.M. Alarcén (UAH)
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DIXEFT

e Comparison with respect to the old results
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* Conclusions:

* Brute force calculations are hopeless.

* Non-perturbative effects are visible in the near-threshold region.

* Based on unitarity one achieves a factorization surtable for perturbative
calculations.
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* We have two sources of uncertainty:

* |sovector and isoscalar (Dirac and Pauli) radii:
* We use the range given by the experimental based determinations.

* Parametrization of the high energy region of the isovector spectral

function:
* According to the dual resonance model M. = (2n +1)M? —» supported by ete:
annihilation data [Druzhinin, Eidelman, Serednyakov and Solodov, Rev. Mod. Phys. 83 (201 1), 1545].
* We place the pole and derivatives at tg,v?j"') SR (E=017)
*\We allow a variation of these poles in the range (2 —4)M?
* We reject values that produce a variation of the space-like FF larger than 109 with

respect to the nominal value.
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