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* Essential input In EFT of DM detection. [Bishara, et al, JCAP 1702 (2017)]

* Flectromagetic FF:

* Encodes the response of the nucleon under electromagnetic probes.

* Important to understand and solve the “Proton Radius Puzzle'™
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* ChEFT shows important limrtations in calculating some interesting

quantrties like Form Factors.
e Non-perturbative pion dynamics play an essential role in the Q?

dependence of the Form Factors.
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* Higher order calculations become necessary =——w Unpractical
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* Definrtions.
(N(p',s)|0O,(0)|N(p,s)) =ca(t)u(p,s )u(p,s) O, (z) =1 _Z q(z)q()
(N(p',8")Ju(0)|N(p,s)) = u(p,s") [’YuFl (t) + ig,;r,;z” F2(t)}u(p/, s') Ju(@) =0 Rt
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Form factors and their analytic structure

Definitions.
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* We use unitarity to find a convenient representation

3k'cm

ke ()

mo(t) = i 0 mo(t) = z
B i, ) " R - e O
ImG{p 0 (t) = e Fr(t)fz(t) e ImG (g, () = s Fxll )|2fi(t)

TP (it 2/
[Frazer and Fulco, Phys. Rev. |17, 1609 (1960)]

Fr(t)
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* We use unitarity to find a convenient representation

ot 3]'Ccm * 0 3kem :
e =5 W FZE)10) =i Imo(t) = Tt t/4)I’7r(t Jy
ImG{E M}() {me\/—}\/ B (@) —» ImG}[/E,M}() {me?:/—}\/| ( Jj:

[Frazer and Fulco, Phys. Rev. |17, 1609 (1960)]
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* We use unitarity to find a convenient representation
mo ik 3]'Ccm * 0 ot 3kcm 0
Imo(¢) 4\/%(771?\7 o L% (@) f1 (1) -z Imo (t) = e, — /D I’W(t J_|_
kgm * 1 kgm

[Frazer and Fulco, Phys. Rev. |17, 1609 (1960)]
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. Ji: Only left hand cut, free of TITT re-scattering —» Calculable in ChEFT.

e I Contains the TITT re-scattering —» Experiment, dispersion theory,
ECOCD)
* We calculate Ji with ChEFT

O —® BornTerms + Contact Terms (from 7wV )
*NLO =® Contact Terms (from 7N, subtracting contribution of t-
channel resonances from the C; [Bemnard Kaiser and MeiBner, NPA 615 (1997)])

* N2LO partially included == One unknown coefficient for each Ji.
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Form factors and their analytic structure

*Higher order correciioiHE N
important fort > 0.2 GeV-.

* trror bands shown correspond to the
uncertainties in the LECs.

* Systematic errors are inferred from
the difference between NLO and NLO
+pN2LO.

[]. M. Alarcén, C. Weiss, | /10.06430; in preparation]
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* Pion scalar FF

* No direct determination from experimental information
* Dispersion Theory —= TITT phase shifts

MEOCD

* We take the dispersive result from

[A. Celis, V. Cirigliano and E. Passemar, PRD 89 (2014)]
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*Pion EM FRammrelated to ete-=wTTTT cross sections

* Related to measured quantities.

* Dispersion Theory —» TTTT phase shifts.
o QCD

* We use the S parametrization of

[Lorenz, Hammer, MeilBnerEP| A 48 (2012)]
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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 a
* VWe parametrize the isoscalar

bproach as In the Isovector case.
spectral function through the w

exchange in the narrow with approximation + higher mass pole Pks.

1.5 2.0

ImG%)M = —7 Z af’M(S(t —
V:w,PS

* We fix the couplings by imposing the charge and radi sum rules:

i G (¢
G0 =~ [ arTErD)

T AM2 t/
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O (BT (B)|B) = [..][p1(8) + (25%) cos 87 (b))
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* Charge and magnetization densities reveal the the spatial
distribution of charge and magnetization inside the nucleon.

* For relativistic system as the nucleon Is necessary to project into
the transverse plane to avoid any ambiguity.

y

Y
) 0 (B|T*(0)|B) = [.-] [ p1(b) + (25Y) cos ¢ (v)]
pb)
b 17 ©  ArJy(A ~ K ImFB
| s p1(D) :/dAT 7Jo( Tb)FlB(tz e o(Vtb) Im F{’ (1)
7 4 0 27 i 27 T
e ohat /N oo B
- 5a(b) = / . A% J1(Arb) A oy [ VK (Vtb) ImEFP (t)
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* Charge and magnetization densities reveal the the spatial

distribution of charge and magnetization inside the nucleon.

* For relativistic system as the nucleon Is necessary to project into

the transverse plane to avoid any ambiguity.
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pa(b) = /0 dAT

(B7+(6)|B) =[] [p1(b) + (257) cos ¢ (b)]

> o ArpJo(Ard)
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* [he input necessary to compute the densities can be taken from

experimental data (parametrizations) or theory.
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* [hrough unitarity, it Is possible to find a representation suited for
ChEFT = Predictions of the Nucleon Form factors.
* [ he results iImprove previous ChEFT calculations and are

competitive with dispersion theory calculations.
* M FFs have a much complex structure that what it seems.

* DIXEFT implements the constrains that allow to reconstruct the

FFs with its full complexity:
* Analyses of FF data.
* [wo photon exchange corrections to ep scattering.

* Results used to understand “Proton Radius Puzzle” (PRaq).
*| earn about the partonic structure of the nucleon.
* New promising method to compute nucleon matrix elements from

s BERinciples (EM tensor, D-term, extension to G-parity oddissss
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Comparison with respect to the old results
[ 1. Bauer, |. Bernauer, S. Scherer, PRC 86 (2012)]
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Talk by Marko Horbatsch (JLab, 12/8/2017)
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s lowest reduced chi-squared y,.4° the answer?
If not, why note

Are there systematic problems with the MAMI datae

Clearly: P&P prediction 0.6(3) = No Go

. Sick & D. Trautmann: 2.01(5) PRC 2017
M. Distler: 2.6 fm*

Note the R, vs <r*>_ correlation !

(Courtesy of Marko Horbatsch)
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s it consistent for the higher moments ¢
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(Courtesy of Marko Horbatsch)
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* We study the naturalness of the iIsovector moments by defining:
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