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Nucleons are very interesting objects to study.

By understanding their properties one can study

* The origin of the mass of the ordinary matter.
* [he formation of fundamental elements needed for life [Berengut, et al, PRD 87 (2013)]

* An accurate knowledge of these properties Is important in order to

interpret experimental results that challenge the Standard Mode

prediction.

Dark Matter detection (scalar structure of the nucleon).

Proton radius puzzle (electromagnetic structure of the nucleon)

W AR o (reP ) = 0.31 meV B0 e 70 Il

Proton structure corrections have
the potential to explain this discrepancy!
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—— Chiral Effective Field Theory
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complicates life a lot” [Gasser, Sainio and Svarc, NPB 307, (1988)].

e Heavy Baryon formulation [Jenkins and Manohar, PLB 255 (1991)]: Non-relativistic

approach. Some analytical properties are lost - convergence problems.

* |nfrared formulation [Becher and Leutwyler, EP| C9 (1999)]: Relativistic structure.

Modifies Feynman propagators =g introduce problematic unphysical cuts.

e Covariant formulation [Fuchs et al, PRD 68 (2003)]: Relativistic form keeping its

analytical properties. solves the problem with the counting via renormalization.
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the quark masses. ™
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wap (N|(ttw + dd)|N)

* Experiment: The scalar coupling of the nucleon is the main hadronic uncertainty
in estimations of DM-nucleon detection (spin-independent).

* [t can be accessed experimentally through 7 N -scattering.
* Dispersive analysis of m/V-scattering data === Cheng-Dashen theorem
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(Involves an extrapolation of the scattering amplitude to the subthreshold region)
e Chiral EFT: One can calculate directly oz n
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v/ 4m3, — M2 2m N AR
ol | ion/
Leading contribution! [Alarcén, Martin Camalich and Oller, PRD 85 051 503(R) (2012)]
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* Polarizabllities are characteristic of composite systems.

* Glve Information about Its response under electromagnetic probes.
* |[ntervene in the theoretical prediction ( 0(a?,,)) of the proton
radius through the Lamb shift AFE;p_ss.

A Z
a8 T
=
T
p
PR ) = (g“”+ L ) W e — (P“ 1 “) (P”— Pq;qq”) (v, Q%)

;"7 = 47Q*Bar1 (Q°) +

ABEY ~ Zg) / 0w [T P0,@%) - TV (0,Q?)|
TNE) — 4nQ?op1(Q%) + Bun(Q2)] +

e Chiral EFT provides predictions of the leading contribution.
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* [he main contribution to the polarizabilities comes from the
low @* region —» Chiral EFT
* Important to reduce contributions from @* > A3 sp.

Qmaz i
AEED  Gem 42 /O de(Te) {Tl(NB)((), Q%) — TQ(NB)(O’Q2)] w(me) = V1470 — \/Te

TR = 2 Q2
(pol) e %
2 \ AE, " (ueV) ¢
\
\\
\ -« —8.2
& \\ ByPT
5 e
-« 179
0 0.2 014 0.6 0.8 1
Q> (GeV?)
[Alarcon, Lensky, Pascalutsa, EP| C 74 (2014).]
~ J M.Alarcdn (JGU Mainz) MESON201 4




* [he main contribution to the polarizabilities comes from the
low @* region —» Chiral EFT
* Important to reduce contributions from Q* > AZgp.

Qmaz i
AEED  Gem 42 /O de(Te) {Tl(NB)(()’ Q%) — T2(NB)(O’Q2)] w(me) = V1470 — \/Te

— "2 @
Q2
(pol) L=
AE, ¢ (ueV) A4
A Sk
“\ \ Within the uncertaint
X 2 ~10% ithi u inty
\ ByPT - -82 } ~10% —= of the caleulation
& 10 F \\\
=115 HBYPT
<« —-179
0 0.2 04 0.6 0.8 1

[Alarcon, Lensky, Pascalutsa, EP| C 74 (2014).]

] M. Alarcén (JGU Mainz) MESON20 |4




* [he main contribution to the polarizabilities comes from the

low @* region —» Chiral EFT

* Important to reduce contributions from Q* > AZgp.

Dot L .
AEégol) ~ O‘C?mqﬁi:2/ é—gw(Tf) |:T1(NB) (0, QZ) B TQ(NB) (O,Q2)] ’lU(Tg) — 1 . Ve \/FE
0 Q2
Te = —
AETS (ueV) 4m3
2 ‘\ \
\ o Within the uncertainty
\ — - | o —» :
3 ByPT B } - of the calculation
-107
5 e Too | buti
>70% | OO0 large contripution
) from Q%> AZsp
0 0.2 04 0.6 0.8 1
Or o (GeV?)
[Alarcon, Lensky, Pascalutsa, EP| C 74 (2014).]
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* [he relativistic structure 1s Important to agree with

phenomenological determinations of AES”)

Nevado Carlson Birse Gorchtein Alarcdn, Hesel
& & & Llanes-Estrada | Lensky & &
Pachucki | Martynenko Pineda |Vanderhaeghen| McGovern | & Szczepaniak | Pascalutsa Pineda
(ol S 2] [3] [4] [5] [€] [7] 8]
o} 2
AERY| -122) | 115 | -185 | 74Q4) |-85(LD) | -153(56) | 82"7 | -265
Chiral EFT calculations

Phenomenological determinations (dispersion relations+data)

[ 1] K Pachucki, Phys. Rev.A 60 (1999). [5] M. C. Birse and J.A. McGovern, Eur. Phys. |.A 48, (201 2).

[2] A. P Martynenko, Phys. Atom. Nucl. 69 (2006). [6] M. Gorchtein, F |. LLanes-Estrada and A. P. Szczepaniak, Phys. Rev.A 87 (201 3).
[3] D. Nevado and A. Pineda, Phys. Rev. C 77 (2008). [7] ). M.Alarcén, V. Lensky, V. Pascalutsa, Eur. Phys. |. C 74 (2014).

[4] C. E. Carlson and M.Vanderhaeghen, Phys. Rev.A 84, (201 1), [8] C. Peset and A. Pineda [arXiv:[403.3408].

* Relativistic chiral EFT agrees with dispersive determinations!
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* | ow-energy properties of the nucleon are of major relevance for
experimental searches of physics beyond the Standard Model.
RERFNERI provides a deep Insight Into these properiies Rt Ein
symmetry grounds.

*Relativistic treatment of baryons (and A(1232)) provides an
improved approach needed for accurate determination of these
properties.

Scalar Form Factor Polarizabilities
(|\/|e\/> Old value Updated Nevado Alarcon, Birse
& Lensky & &
Onr N 45 (8) 51 (7) (H e\/) Pineda Pascalutsa McGovern
o 130091 6(80) AEZ -85 | 820, | -85(1.1)
* Recent developments in chiral EFT with baryons can provide ab

initio determinations of the structure of the nucleon which are
relevant In searches for new physics.
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* | ow-energy properties of the nucleon are of major relevance for
experimental searches of physics beyond the Standard Model.
RERFNERI provides a deep Insight Into these properiies Rt Ein
symmetry grounds.

*Relativistic treatment of baryons (and A(1232)) provides an
improved approach needed for accurate determination of these
properties.

Scalar Form Factor Polarizabilities
(MeV) | Old value Updated Nevado | Alarcdn,

& Lensky &
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* Recent developments in chiral EFT with baryons can provide ab
iR dcicrminations of the structure of the nucleon WiRlCHEEE=
relevant In searches for new physics.
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[Alarcon, Martin Camalich and Oller,

11 g
10 +
[ Ann. of Phys. 336 (2013)]
6 =
m=== A-less ChPT
1.08 1I.1 1.I12 1.I14 1.|16 1.I18 1.2 21 .08 1I.1 1.I12 1.I14 1.I16 1.I18 1.2
Vs (GeV) Vs (GeV)
g) T T T 0-% T T T T T T — A‘ChPT
e At : 5
5 | | | | | | :14 I_ | | I~~~ LY | | ¥
-61.08 1.1 1.12 1.14 1.16 1.18 1.2 -1'61.08 1.1 112 114 116 1.18 1.2
Vs (GeV) Vs (GeV) -
i i e -xcellent
o 40 1k - ,
™ L 15 F
& : description of the
10 . :3 L ol
0 I I l l 35 U I I I I I : '
1.08 1.1 112 114 116 1.18 1.2 1.08 1.1 112 114 116 1.18 1.2 =
e e phase-shifts!

/

RESS | wiog | EMOS [ e
A-ChPT A-ChPT A-ChPT KA85

doo (M) [-1.48(15) [-120013) | -097(2) | -146

Good convergence
in the subthreshold
region!

121010 | 1.2009) | 1082 | 1,14
RS
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* [his result must be checked with iIndependent extractions.

+
e o1 s strongly correlated to the value of Ozxn

m-atoms [ /] [ 1] Baru, Hanhart, Hoferichter, Kubis,
(7*p,m"p)  Nogga & Phillips, NPA 872 (201 1)

et | 1100 1009) Ti-atoms agrees
with large oxn!

01—
0136 -
0135 |
0134 -
0133 |
o1z |
b
o130 |
at2g |
0128 L

Updating ag,, the resulting 0N is
also larger!

a2

Updated experimental
information points to a large oxn!

[Gasser, Leutwyler & Sainio, PLB 253 (1991)]
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